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1, INTRODUCTION 

1.1 General 

This  r e p o r t  was prepared a t  t he  Douglas Huntington Beach M i s s i l e  & Space 

Systems Divis ion  by the  Sa turn  S-I'VE Tes t  Planning and Evaluat ion (TP&E) 

Committee f o r  t he  Nat iona l  Aeronautics and Space Administrat ion under 

Contract  NAS7-101. 

A c t i v i t i e s  connected wi th  t h e  Sa turn  S-IVB-209 s t a g e  included a p r e f i r i n g  

checkout and t h e  acceptance f i r i n g .  Checkout s t a r t e d  a t  t h e  subsystem 

l e v e l  and progressed t o  completion wi th  ' t h e  i n t e g r a t e d  systems t e s t  

and the  s imulated acceptance f i r i n g .  The information contained i n  t h e  

fo l lowing  s e c t i o n s  documents and eva lua tes  a l l  events  and t e s t  r e s u l t s  of 

t h e  acceptance f i r i n g  which was completed on 20 June 1967. The t e s t s  were 

performed a t  t h e  Complex Beta ,  Tes t  Stand I ,  Sacramento Tes t  Center (STC). 

1 . 2  Background 

The S-I-VB-209 s t a g e  was assembled a t  t h e  Huntington Beach M i s s i l e  & 

Space Systems Divis ion .  A checkout was performed i n  t h e  V e r t i c a l  Checkout 

Laboratory (VCL) p r i o r  Co sh ipping  the  s t a g e  t o  STC. The s t a g e  was 

de l ive red  t o  STC on 10 March 1967 and i n s t a l l e d  on Tes t  Stand I on 

15  May 1967. The s t a g e  was ready f o r  acceptance f i r i n g  on 12 June 1967. 

The APS modules were shipped t o  t h e  Santa Monica checkout l abo ra to ry  f o r  

l e a k  and func t iona l  checks. The modules were then shipped t o  Sacramento 

f o r  s t a g e  i n t e r f a c e  checks. No confidence f i r i n g s  of these  modules were 

scheduled. 

Table 1-1 l i s t s  t he  mi les tones  of  the  Saturn S-IVB-209 s t a g e  events  and 

d a t e s  of completion. 

1 .3 Objec t ives  

A l l  t e s t  ob jec t ives  o u t l i n e d  i n  Douglas Report No. SM-47459A, Saturn 

S-IVE-209 Stage Acceptance Firing Test  Plan, dated February 1967 and 

r ev i sed  29 May 1967 were succes s fu l ly  conlpleted. 



Stage  acceptance o b j e c t 1  ~ e s  which provided maximum system performance 

e v a l u a t i o n  were a s  fol lows : 

a. Countdown c o n t r o l  and ope ra t i ona l  c a p a b i l i t y  v e r i f i c a t i o n  

b. 5-2 eng ine  system performance v e r i f i c a t i o n  

c. Oxid izer  system performance v e r i f i c a t i o n  

d, Fue l  system performance v e r i f i c a t i o n  

e. Pneumatic c o n t r o l  system performance v e r i f i c a t i o n  

f. P r o p e l l a n t  u t i l i z a t i o n  sys  tem performance v e r i f i c a t i o n  

g. Stage  d a t a  a c q u i s i t i o n  systqm performance v e r i f i c a t i o n  

h. S t age  e l e c t r i c a l  c o n t r o l  and power system performance 

v e r i f i c a t i o n  

i. Hydraul ic  system performance and 5-2 engine gimbal c o n t r o l  

performance v e r i f i c a t i o n  

j . S t r u c t u r a l  i n t e g r i t y  v e r i f i c a t i o n  

.--' I 
k. Auxi l i a ry  propuls ion  system s t a g e  i n t e r f a c e  compa t ib i l i t y  

v e r i f i c a t i o n  

1. Ambient r e p r e s s u r i z a t i o n  system performance v e r i f i c a t i o n .  



TABLE 1-1 
MILESTONES, SATURN S-IVB-209 STAGE 

1 
EVENT COMPLETION DATE 

Tank Assembly 8 J u l y  1966 

Proof  T e s t  26 J u l y  1966 

I n s u l a t i o n  and Bonding 6 S e p t  1966 

S t a g e  Checkout and J o i n  5-2 Engine 28 Nov 1966 

Sys tems Checkout 7 Feb 1967 

S h i p  t o  STC 10 March 1967 

S t a g e  I n s t a l l e d  on T e s t  S tand  1 5  May 1967 

Ready f o r  Acceptance F i r i n g  12 J u n e  1967 

Acceptance F i r i n g  20 J u n e  1967 

P r o p e l l a n t  Loading f o r  S p e c i a l  T e s t s  23  J u n e  1967 

Abbrev ia ted  Pos t f i r e  Checkout on S t a n d  6 J u l y  1967 

L Ready f o r  S t o r a g e  11 J u l y  1967 

- 





The S-IVR-209 s t a g e  was accep tance  f i r e d  on 2 3  June  1957 a t  Complex Be ta ,  

T e s t  S tand  I ,  Sacramento T e s t  Cen te r .  The countdown was d e s i g n a t e d  a s  

CD 614085. The mainstage f i r i n g  d u r a t i o n  was 455.95 s e c ;  e n g i n e  c u t o f f  

was i n i t i a t e d  through t h e  PU p r o c e s s o r  when LOX was d e p l e t e d  below t h e  

1 p e r c e n t  l e v e l .  

2.1 Countdown Opera t ions  

CD 614084 ( r u n  1A) was i n i t i a t e d  on 13 June  and proceeded smoothly w i t h  

o n l y  oae anomaly; LH2 d e p l e t i o n  s e n s o r  No. 1 c y c l e d  d r y  f o r  28 ms  d u r i n g  

LH2 l o a d i n g  a t  t h e  30 p e r c e n t  l e v e l .  

At 822.9 s e c  p r i o r  t o  s i m u l a t e d  l i f t o f f  t h e  "Engine Readyt1 s c a n  r e c e i v e d  

sr i  i g n i t i o n  d e t e c t i o n  s i g n a l  t h a t  was a t t r i b u t e d  t o  a t empera tu re  d i f f e r e n -  

t i a l  a c r o s s  t h e  probe r e s u l t i n g  f rom t h e  t h r u s t  chamber chi l ldown.  Th is  

h a l t e d  t h e  a u t o m a t i c  program and t h e  s t a g e  was s e c u r e d  a u t o m a t i c a l l y .  A 

manual t h r u s t  chamber chi l ldown sequence  was t h e n  conducted w i t h  no - 
r e c u r r e n c e  of t h e  problem. 

Run 1B was i n i t i a ' t e d  and d u r i n g  t h e  s t a r t  sequence,  a s w i t c h  s e l e c t o r  

complement e r r o r  was r e c e i v e d  h a l t i n g  t h e  au tomat ic  program and t h e  s t a g e  

was s e c u r e d  manual ly .  A t  t h i s  p o i n t ,  t h e  countdown was scrubbed.  

' CD 614085 ( r u n  2A) was i n i t i a t e d  on 19 June 1967 and.proceeded smoothly  

t o  a s u c c e s s f u l  accep tance  f i r i n g  on 2 C  June  1967. The f o l l o w i n g  

anomal ies  were exper ienced  d u r i n g  t h e  countdoim: 

a .  S h o r t l y  a f t e r  eng ine  s t a r t ,  a n  abnormal d e c r e a s e  was n o t e d  i n  t h e  

LOX t a n k  u l l a g e  p r e s s u r e  a s  a  r e s u l t  of a temporary anomaly i n  

t h e  LOX t a n k  p r e s s u r i z a t i o n  module. 

b .  ESC o c c u r r e d  685 ms l a t e r  t h a n  expec ted  due t o  a  slow opening 

of t h e  LOX p r e v a l v e .  T h i s  was a t t r i b u t e d .  t o  t h e  use  of t h e  - 
new S t e r e r  a c t u a t i o n  c o n t r o l  modu.les. The v a l v e  a l s d  e x h i b i t e d  

an e r r a t i c  t a l k b a c k  on t h e  ha rd~wire  "CLOSED" i n d i c a t i o n  d u r i n g  

t h e  pos  t f i r i n g  s p e c i a l  test .  The p r e v a l v e  was r e p l a c e d .  



2.2 - 5-2 Engine S y s t e a  

The 5-2 eng ine  (S/N 2083) e x h i b i t e d  o p e r a t i o n a l  c h a r a c t e r i s t i c s  

compat ib le  w i t h  s t a g e  d e s i g n  requ i rements  and c o n s i s t e n t  w i t h  p r i o r  t e s t  

d a t a  and w i t h  t h e  Engine Model S p e c i f i c a t i o n  R-2158b. 

2.3 O x i d i z e r  System 

Due t o  a m a l f u n c t i o n  of t h e  LOX t a n k  p r e s s u r i z a t i o n  c o n t r o l  module, LOX 

NPSH f e l l  below t h e  minimum a c c e p t a b l e  l e v e l  f o r  a  20-sec p e r i o d  s h o r t l y  

a f t e r  Engine S t a r t  Command; however, t h e r e  were no d e t r i m e n t a l  e f f e c t s  t o  

t h e  5-2 eng ine  o r  t o  t h e  remainder  o f  t h e  accep tance  f i r i n g .  With t h e  

e x c e p t i o n  o f  t h e  above anomaly, t h e  o x i d i z e r  sys tem performance was 

accep t a b l e  . 

2.4 F u e l  System 

The f u e l  sys tem performed a s  des igned  and s u p p l i e d  LH2 t o  t h e  eng ine  LH2 

pump i n l e t  w i t h i n  t h e  l i m i t s  r e q u i r e d  f o r  s a t i s f a c t o r y  e n g i n e  performance.  . 
2.5 Pneumatic C o n t r o l  and Purge System 

The pneumat ic  c o n t r o l  and purge  sys tem performed s a t i s f a c t o r i l y  th roughout  

t h e  accep tance  f i r i n g .  The he l ium supply  t o  t h e  sys tem was adequa te  f o r  

b o t h  pneumat ic  v a l v e  c o n t r o l  and p u r g i n g ;  t h e  r e g u l a t e d  p r e s s u r e  was 

main ta ined  w i t h i n  a c c e p t a b l e  l i m i t s  and a l l  components f u n c t i o n e d  

normal ly  . 
. 2.6 P r o p e l l a n t  U t i l i z a t i o n  (PU) System 

The PU system performed s a t i s f a c t o r i l y  and accomplished a l l  t h e  d e s i g n  

o b j e c t i v e s  . 
2 . 7  Data  A c q u i s i t i o n  Sys tem 

The d a t a  a c q u i s i t i o n  sys tem performed s a t i s f a c t o r i l y  th roughout  t h e  

accep tance  f i r i n g .  One hundred and seven ty  f i v e  measurements were a c t i v e  

of which 2 f a i l e d  r e s u l t i n g  i n  a  measurement e f f i c i e n c y  of 98.86 p e r c e n t .  
' 

2.8 E l e c t r i c a l  Power and C o n t r o l  Systems 

The e l e c t r i c a l  power and c o n t r o l  sys tems performed s a t i s f a c t o r i l y  9 



/" th roughout  t h e  accep tance  f i r i n g .  A l l  f i r i n g  ob j e c c i v e s  were s a t i s f i e d  

and a l l  sys tem v a r i a b l e s  o p e r a t e d  w i t h i n  d e s i g n  l i m i t s .  

2.9 H y d r a u l i c  Sys tem 

The h y d r a u l i c  sys tem o p e r a t e d  p r o p e r l y  supp ly ing  p r e s s u r i z e d  f l u i d  t o  t h e  

s e r v o - a c t u a t o r s .  A l l  s p e c i f i e d  t e s t  o b j e c t i v e s  were  achieved and a l l  

sys tem v a r i a b l e s  o p e r a t e d  w i t h i n  d e s i g n  l i m i t s .  

2.10 F l i g h t  C o n t r o l  System 

The dynamic response  of t h e  h y d r a u l i c  s e r v o - t h r u s t  v e c t o r  c o n t r o l  sys tem 

was measured w h i l e  t h e  5-2 e n g i n e  was gimbaled d u r i n g  t h e  accep tance  

f i r i n g ,  The performance of t h e  p i t c h  and yaw h y d r a u l i c  s e r v o  c o n t r o l  

sys tems was s a t i s f a c t o r y .  

2.11 S t r u c t u r a l  Systems 

S t r u c t u r a l  i n t e g r i t y  of t h e  s t a g e  was main ta ined  f o r  t h e  v i b r a t i o n ,  

t e m p e r a t u r e ,  and t h r u s t  l o a d  c o n d i t i o n s  of t h e  accep tance  f i r i n g .  A 

i p o s t f i r i n g  v i s u a l  i n s p e c t i o n  of t h e  s t a g e  r e v e a l e d  no debonding o r  o t h e r  '.- 
s t r u c t u r a l  d e f e c t s  r e s u l t i n g  from c r y o g e n i c ' l o a d i n g  and f i r i n g .  

2.12 Thermocondi t ioning and Purge Sys tem 

The the rmocondi t ion ing  and purge sys tem f u n c t i o n e d  p r o p e r l y  d u r i n g  t h e  

accep tance  f i r i n g .  A l l  s y s  tem tempera tu res  and f  l o w r a t e s  were main ta ined  

w i t h i n  d e s i g n  l i m i t s .  

2.13 R e l i a b i l i t y  and Human Engineer ing  

A l l  m a l f u n c t i o n s  of F l i g h t  C r i t i c a l  I t ems  were i n v e s t i g a t e d  and 

documented. A Human Engineer ing  e v a l u a t i o n  has  been conducted i n  s u p p o r t  

o f  t h e  a c c e p t a n c e  f i r i n g .  





/' 

t 3. TEST CONFIGURATION 

T h i s  s e c t i o n  d e s c r i b e s  t h e  s t a g e  and ground supporc  equipment (GSE) 

d e v i a t i o n s  and m o d i f i c a t i o n s  from t h e  f l i g h t  c o n f i g u r a t i o n  a f f e c t i n g  

t h e  accep tance  f i r i n g .  A d d i t i o n a l  d e t a i l s  of s p e c i f i c  sys  tem modif i ca -  

t i o n s  a r e  d i s c u s s e d  i n  a p p r o p r i a t e  s e c t i o ~ s  of t h i s  r e p o r t .  D e t a i l s  of 

t h e  S-IVB-209 s t a g e  c o n f i g u r a t i o n s  a r e  p r e s e n t e d  i n  Douglas Report  

No. 1B66532, S-IL%/IB S t a g e  End-Item T e s t  P Z m .  

F i g u r e  3-1 i s  a s c h e m a t i c  of t h e  S-IVB-209 s t a g e  p r o p u l s i o n  system and 

shows t h e  t e l e m e t r y  i n s t r u m e n t a t i o n  t r a n s d u c e r  l o c a t i o n s  from which t h e  

test d a t a  were  o b t a i n e d .  The f u n c t i o n a l  components a r e  l i s t e d  i n  

t a b l e  3-1. Hardwire measurements a r e  n o t e d  i n  t h e  a p p r o p r i a t e  subsystem 

schemat ics  i n c l u d e d  i n  t h i s  r e p o r t .  The p r o p u l s i o n  system o r i f i c e  

c h a r a c t e r i s t i c s  and p r e s s u r e  s w i t c h  s e t t i n g s  a r e  p r e s e n t e d  i n  t a b l e s  3-2 

and 3-3. 3-2 e n g i n e  S/N 2083 was i n s t a l l e d .  

The p r o p u l s i o n  GSE ( f i g u r e  3-2) c o n s i s t e d  of pneumat ic  conso les  "A" and 

"B," two p r o p e l l a n t  f i l l  and r e p l e n i s h i n g  c o n t r o l  s l e d s ,  a vacuum s y s  tem 

i c o n s o l e ,  and a gas  h e a t  exchanger.  
-. 

3 .1  C o n f i g u r a t i o n  D e v i a t i o n s  - 
C o n f i g u r a t i o n  d e v i a t i o n s  r e q u i r e d  f o r  t h e  accep tance  f i r i n g  a r e  d i s c u s s e d  

i n  Douglas Report  No. SM-47459A, S a t u n z  S-IVB-209 S t a g e  Acceptance F i r i n g  

T e s t  Plan. S i g n i f i c a n t  c o n f i g u r a t i o n  changes t o  t h e  s t a g e  and GSE d u r i n g  

t h e  accep tance  f i r i n g  a r e  d i s c u s s e d  i n  t h e  f o l l o w i n g  paragraphs .  

3.1.1 P r o p u l s i o n  System 

a. S t a g e  p r o p e l l a n t  v e n t  and b l e e d  systems were  connected t o  t h e  

f a c i l i t y  v e n t  system. 

b.  The s t a g e  p o r t i o n s  of t h e  p r o p e l l a n t  and pneumatic quick- 

d i s c o n n e c t s  were r e p l a c e d  w i t h  h a r d l i n e s .  

c. A c ~ n v e r g i n g  wa.ter-cooled d i f f u s e r  was i n s t a l l e d  i n  t h e  eng ine  

t h r u s t  chamber e x i t  t o  reduce t h e  p o s s i b i l i t y  of s i d e l o a d s  

induced by j e t  s t r e a m  s e p a r a t i o n ,  



d. A reusable  5-2 engine i g n i t i o n  de t ec t ion  probe was i n s t a l l e d  

i n  p l ace  of t he  S-IB expendable probe. 

3.1.2 P rope l l an t  U t i l i z a t i o n  System 

a. The p rope l l an t  loading f a s t - f i l l  sensors  i n s t a l l e d  on t h e  

ins t rumenta t ion  probes were used i n  t he  i n d i c a t i n g  mode only. 

3.1.3 E l e c t r i c a l  Power Sys tem 

a. Model DSV-4B-170 b a t t e r y  s imula tors  were used t o  supply s t a g e  

i n t e r n a l  power. 

b Model DSV-4B-727 primary b a t t e r y  s imula tors  were used i n  p l ace  

of primary f l i g h t  b a t t e r i e s .  

3.1.4 E l e c t r i c a l  Control  System 

a. The instrument  u n i t  and S-IVB/IB s t a g e  e l e c t r i c a l  i n t e r f a c e s  

were s imula ted  by GSE, 

b. Two Model DSV-4B-188B APS s imula tors  were used t o  provide APS 

module e l e c t r i c a l  loads t o  t he  s t a g e  con t ro l  s i g n a l s .  

c. The e l e c t r i c a l  umbi l ica ls  remained connected throughout t h e  

acceptance f i r i n g .  

3.1.5 Data Acquis i t ion  System 

a. The MSFC Bas ic  S t a t i c  F i r i n g  Measurement Program hardwire 

t ransducers  were i n s  t a l l e d .  

b. A l l  ins t rumenta t ion  parameters without  t r ansduce r s ,  and those 

disconnected f o r  hardwire usage, were l e f t  a s  open channels.  

c .  Measurement DO576 (LH2 Tank Ullage P res s )  - S t r a i n  gage f l i g h t  

t r ansduce r  PIN 1B40242-509 was RF s e n s i t i v e  and was rep laced  by 

p o t  t ransducer  PIN 1872913-539. 

3.1.6 Forward Environmental Control  Sys tem 

a .  F lu id  f o r  t he  forward thermoconditioning system was suppl ied  

by Model DSV-4B-359 Se rv i ce r .  



3.1.7 Secure Range LxPety Command System 

a. The engine  L - ~ t o f f  command output  from Range S a f e t y  Systems 1 

and 2 was d i sconnec ted  and stowed. 

b. P u l s e  s e n s o r s  were a t t ached  t o  t h e  ou tput  of t h e  exploding 

b r i  3gewire (EBW) f i r i n g  u n i t s .  

3.1.8 S t r u c t u r a l  Sys t e m s  

a. The main and a u x i l i a r y  t unne l  covers were n o t  i n s t a l l e d .  

b. The s t a g e  was mounted on t h e  Model DSV-4B-540 Dummy I n t e r s t a g e .  

3.1.9 GSE and F a c i l i t i e s  

a. Res i s t ance  w i r e  f i r e  d e t e c t i o n  system was i n s t a l l e d  f o r  

monitor ing c r i t i c a l  a r ea s  of the  s t a g e ,  GSE, and f a c i l i t i e s .  

b. GH2 l e a k  d e t e c t i o n  system was i n s t a l l e d  f o r  monitor ing c r i t i c a l  

a r ea s  of t h e  s t a g e ,  GSE, and f a c i l i t i e s .  

c ,  B l a s t  d e t e c t o r s  were i n s t a l l e d  i n  t he  t e s t  a r e a  f o r  monitor ing 

ranges o f  0  t o  25 p s i  overpressure.  

d. Model 742 s t a t l c  f i r i n g  hazardous gas s h i e l d ,  t h r u s t  cone water  

sp ray  F i r e x ,  c ryogenic  s p i l l  pan, forward s k i r t  suppor t  r i n g  

and vent  p o r t  covers  were i n s t a l l e d .  

e. Model 601 flame r e s i s t a n t  p r o t e c t i v e  f i r i n g  cover was i n s t a l l e d  

t o  enc lose  t h e  forward s k i r t  a rea .  

f. An a u x i l i a r y  p r o p e l l a n t  tank p r e s s u r i z a t i o n  system was i n s t a l l e d  

us ing  a  GSE ambient helium source.  

g .  Model DSV-4B-618 Engine Unlatch R e s t r a i n e r  Links were i n s t a l l e d  

t o  r e s t r a i n  t he  5-2 engine during s t a r t  t r a n s i e n t  s i de loads .  

h. Two 0 con ten t  ana lyzers  were i n s t a l l e d  i n  t h e  t h r u s t  s t r u c t u r e .  2 





TABLE 3-1 (Sheet  1 of 4) 
S-IVB-209 STAGE HARDWARE LIST 

* I n d i c a t e s  l o c a t i o n  i n  

ITEM 
NO. a'c 

Disconnect,  LH2 tank p r e s s u r i z a t i o n  
Valve, check, LH2 tank p r e p r e s s u r i z a t i o n  l i n e  
Disconnect,  ambient helium f i l l  
Valve, hand, 3-way, LOX vent  and r e l i e f  va lve  purge l i n e  
Valve, hand, 3-way, LH2 and LOX f i l l  and d r a i n  va lves ,  nonpropulsive vent  and 
LH2 cliilldown va lve  purge l i n e  
Valve, check, LH2 f i l l  and d r a i n  va lve  and nonpropulsive vent  purge l i n e  
O r i f i c e ,  ambient helium f i l l ,  65 scfm 
Valve, check, c o n t r o l  helium f i l l  
Module, c o n t r o l  helium f i l l  
Sphere,  c o n t r o l  helium, 4.5 s t d  cu f t  
Disconnect ,  LH2 tank vent  
Disconnect ,  LH2 f i l l  and d r a i n  
O r i f i c e ,  LH2 f i l l  and d r a i n  va lve  purge l i n e ,  15 scfm 
Module, a c t u a t i o n  c o n t r o l ,  LH2 f i l l  and d r a i n  va lve  
Valve, check, LH2 f i l l  and d r a i n  va lve  a c t u a t i o n  c o n t r o l  module ven t  
Disconnect,  common bulkhead vacuum system 
Valve, LH2 f i l l  and d r a i n  
Disconnect ,  LOX f i l l  and 'd ra in  
Valve, check, LOX f i l l  and d r a i n  va lve  purge l i n e  
O r i f i c e ,  LOX f i l l  and d r a i n  va lve  purge l i n e ,  15 scim 
Valve, LOX f i l l  and d r a i n  
Module, a c t u a t i o n  c o n t r o l ,  LOX f i l l  and d r a i n  va lve  
Valve, check, LOX f i l l  and d r a i n  va lve  a c t u a t i o n  c o n t r o l  module vent  
Disconnect,  co ld  helium f i l l  and LOX tank p r e p r e s s u r i z a t i o n  
Module, cold helium dump 
Valve,. check, cold helium f i l l  l i n e  
Module, LOX tank p re s su re  c o n t r o l  
Valve, check, cold helium f i l l  and LOX p r e p r e s s u r i z a t i o n  l i n e  
Plenum, LOX tank p r e s s u r i z a t i o n ,  250 s t d  cu i n .  
Switch, p re s su re ,  LOX tank p r e s s u r i z a t i o n  r e g u l a t o r  backup, 
P/U 465 f20 ,  -15 p s i a ,  D/O  350 4-20> -15 p s i a  

f i g u r e s  3-1 and 3-2. P/U - Pickup D / O  = Dropout 

PART NO. NAME 



TABLE 3-1 ( S h e e t  2  of 4) 
S-IVB-209 STAGE HARDWARE LIST 

ITEM 
NO. ?k 

PART NO. 

DELETED 
. 1A49958-517 

1849958-519 
1B4365 7-509 
lA48857-501 
lB55200-505 
1B64443-505 
lB64443-505 
lB64443-505 
1B51361-1 
lB40622-501 
lB59265-1 
lB59265-1 
7851860-537 

NAME 

O r i f i c e ,  LOX t a n k  p r e s s u r i z a t i o n ,  h e a t  exchanger  p r imary ,  0.03218 i n , 2  
e f f e c t i v e  a r e a  
O r i f i c e ,  LOX t a n k  p r e s s u r i z a t i o n ,  h e a t  exchanger  bypass ,  0.02291 i n .  
e f f e c t i v e  a r e a  

Disconnec t ,  ma ins tage  OK p r e s s u r e  s w i t c h  checkout  
Disconnec t ,  t h r u s t  chamber j a c k e t  purge and ch i l ldown 
Module, pneumat ic  power c o n t r o l  
Plenum, c o n t r o l  h e l i u m ,  100 s t d  cu i n .  
Module, LH2 tank  p r e s s u r e  c o n t r o l  
O r i f i c e ,  u n d e r c o n t r o l  mode, 0.0444 i n . 2  e f f e c t i v e  a r e a  
O r i f i c e ,  o v e r c o n t r o l  mode, 0.0777 i n . 2  e f f e c t i v e  a r e a  
O r i f i c e ,  s t e p  f low,  0.1392 i n . 2  e f f e c t i v e  a r e a  
Valve,  check,  LH2 nonpropuls  i v e  v e n t  ?urge  l i .ne  
O r i f i c e ,  LH2 nonpropuls ive  v e n t  purge l i n e ,  1 scfm 
O r i f  i c e ,  nonpropuls ive  v e n t ,  2.180 i n .  d i a  
O r i f i c e ,  n o n p r o p u l s i v e  v e n t ,  2.180 i n .  d i a  
Swi tch ,  p r e s s u r e ,  LH2 p r e p r e s s u r i z a t i o n  and ground f i l l ,  P/U 34 p s i a ,  
D / O  31 p s i a  min 
Swi tch ,  p r e s s u r e ,  LH2 f l i g h t  c o n t r o l ,  P/U 29.5 p s i a ,  D / O  26.5 p s i a  
Swi tch ,  p r e s s u r e ,  LH2 t a n k  o r b i t a l  v e n t  i n i t i a t i o n ,  P/U 35.25 20 .75  p s i a ,  
D / O  31. p s i a  min 
Valve,  3-way, LH2 t a n k  p r e s s u r e  s w i t c h  s h u t o f f  
Valve,  d i r e c t i o n a l  c o n t r o l ,  LH2 v e n t  
Valve,  r e l i e f ,  LH2 t a n k ,  c r a c k  40 p s i a  max, r e s e a t  37 p s i a  min 
Valve,  v e n t  and r e l i e f ,  LH2 t a n k ,  c r a c k  39 p s i a  max, r e s e a t  36 p s i a  min 
Sphere ,  s t o r a g e ,  c o l d  he l ium ( 6  each)  
P r o b e ,  LH2 tempera tu re  s e n s o r  
Probe,  LH2 mass s e n s o r  
P r o b e ,  LOX tempera tu re  s e n s o r  
Probe ,  LOX mass s e n s o r  
Pump, LB2 ch i l ldown 

* I n d i c a t e s  ' l o c a t i o n  i n  f i g u r e s  3-1 and 3-2. P/U = Pickup D/O = Dropout 



TABLE 3-1 ( S h e e t  3 o f  4 )  
S-IVB-209 STAGE HARDWARE LIST 

1 1 
ITEM I PART NO. 
NO. 'k I NAME 

W * I n d i c a t e s  l o c a t i o n  i n  f i g u r e s  .3-1 and 3-2. P/?J = Pickup D / O  = Dropout 
I 

5 4 
5 5 
5 5A 
5 6 
57 ' 

58  

5 9 

6 0 
6 1 
6 2  
6 3 
6 4 
65 

65 A&B 
6 6 

66 A&B 
6 7 
6 8 
6 9 

7 0 
7 1 
7 2 

72 A&B 
7 3 
7 4 
7 5 

4 t F l i g h t  o r i f i c e - - f o r  a c c e p t a n c e  f i r i n g ,  purge f u n c t i o n  i s  s u p p l i e d  by f a c i l i t y  o r i f i c e  
65 scfm a t  1 ,600  p s i a  

lA58854-1 
1858347-505 
1B40622-511 
1A49423-507 
1849964-501 
7851847-535 

114-109 
(PES CO) 
1867913-1 
1849965-521 
1A89104-509 
lA87749-1 
1849968-509 
lB66692-501 
lB67481-1 
lB66692-501 
1B67481-1 
1849964-501 
1B.53817-505 
7851847-533 

lB40622-501 
1849968-507 
lB66692-501 
1B67481-1 
lB40622-5071 
1849965-523 
1A89104-509 

O r i f i c e ,  LOX ch i l ldown pump purge l i n e ,  600 sccm a t  475 p s i d  
Module, LOX ch i l ldown pump purge 
O r i f i c e ,  LOX ch i l ldown pump purge  module bypass ,  10 sc im a t  475 p s i d  
Pump, LOX ch i l ldown 
Valve,  check,  LOX ch i l ldown r e t u r n  l i n e  
Swi tch ,  p r e s s u r e ,  LOX ch i l ldown pump purge  r e g u l a t o r  backup, P / U  5 3  p s i a  ma.x, 
D / O  49 p s i a  min 
Valve,  r e l i e f ,  LOX chilLdown pump motor c o n t a i n e r ,  c r a c k  and r e s e a t  
65 t o  85 p s i a  
Valve,  v e n t ,  LOX ch i l ldown pump motor c o n t a i n e r  
Valve,  s h u t o f f ,  LOX ch i l ldown l i n e  
Flowmeter, LOX ch i l ldown l i n e  
S t r a i n e r ,  LOX ch i l ldown pump d i s c h a r g e  
P r e v a l v e  , LOX 
Module, a c t u a t i o n  c o n t r o l ,  d i r e c t i o n a l  v a l v e ,  LH2 v e n t  
Valve,  checlc, d i r e c t i o n a l  v a l v e  a c t u a t i o n  c o n t r o l  module v e n t  
Module, a c t u a t i o n  c o n t r o l ,  LH2 v e n t  and r e l i e f  v a l v e  
Valve,  check,  LH2 t a n k  v e c t  and r e l i e f  v a l v e  a c t u a t i o n  c o n t r o l  mndule v e n t  
Valve,  check,  LH2 ch i l lddwn r e t u r n  l i n e  
Valve,  3-way, LOX t a n k  p r e s s u r e  s w i t c h  s h u t o f f  
Swi tch ,  LOX p r e p r e s s u r i z a t i o n ,  f l i g h t ,  and ground f i l l  c o n t r o l ,  
P/U 40 p s i a  max, D / O  37 p s i a  min 
O r i f i c e ,  LOX tank  p r e s s u r e  s e n s i n g  l i n e  purge 
P r e v a l v e  , LH2 
Module, a c t u a t i o n  c o n t r o l ,  p r e v a l v e s  and ch i l ldown v a l v e s  
Valve,  check,  LOX v e n t  and r e l i e f  v a l v e  a c t u a t i o n  c o n t r o l  module v e n t  
O r i f i c e ,  LH2 ch i l ldown s h u t o f f  v a l v e  purge  l i n e ,  14 scfm 
Valve,  s h u t o f f  , LH2 ch i l ldown pump d i s c h a r g e  
Flowmeter, LH2 ch i l ldown pump d i s c h a r g e  



TABLE 3-1 (Shee t  4 o f  4) 
S-IVB-209 STAGE HARDWARE LIST 

I ;; I PA, NO. NAME 

Valve,  check,  LH2 ch i l ldown pump d i s c h a r g e  
S t r a i n e r ,  LH2 ch i l ldown pump d i s c h a r g e  
Valve,  check,  LOX v e n t  and r e l i e f  v a l v e  purge l i n e  
O r i f i c e ,  f low,  LOX v e n t  and r e l i e f  v a l v e  purge  l i n e ,  65 scfm 
Valve,  r e l i e f ,  LOX t a n k ,  c r a c k  45 p s i a ,  r e s e a t  42 p s i a  
Valve,  v e n t  and r e l i e f ,  LOX t a n k ,  c r a c k  44 p s i a ,  r e s e a t  41 p s i a  
Module, a c t u a t i o n  c o n t r o l ,  LOX v e n t  and r e l i e f  v a l v e  
Module, e n g i n e  purge c o n t r o l  
Swi tch ,  p r e s s u r e ,  e n g i n e  purge  r e g u l a t o r  backup, P/U 130 p s i a  min, 
Dl0 105 p s i a  min 
Disconnec t ,  e n g i n e  s ta r t  s p h e r e  v e n t  and r e l i e f  v a l v e  d r a i n  
Disconnec t ,  eng ine  c o n t r o l  he l ium s p h e r e  f i l l  
Disconnec t ,  e n g i n e  s t a r t  s p h e r e  f i l l  

* I n d i c a t e s  l o c a t i o n  i n  f i g u r e s  3-1 and 3-2. P/U = Pickup D / O  = Dropout 



TABLE 3-2 (Shee t  1 of 3) 
S-IVB-209 S-AGE AND GSE ACCEPTANCE FIRING ORIFICES 

DESCrnPTION 

STAGE -- 
Ambient he?.ium f i l l  

LH2 f i l l  a ~ d  d r a i n  v a l v e  purge 
l i n e  

LOX f i l l  and d r a i n  v a l v e  purge 
l i n e  

LOX t a n k  p r e s s u r i z a t i o n  s y s t e n  
h e a t  exchanger  o u t l e t  

LOX tank  p r e s s u r i z a t i o n  sys  t en  
h e a t  exchanger  bypass  
LH2 t a n k  p r e s s u r i z a t i o n  module 

Undercontrol** 

Overcontrol** 

Step** 

LH2 tank  n o n p r o p u l s i v e  v e n t  
purge  l i n e  

LH2 t a n k  n o n p r o p u l s i v e  v e n t  
(2) 

LOX ch i l ldown pump purge  l i n e  

LOX ch i l ldown pump purge  
module 

I 

ILOX ch i l ldown pump purge 
module bypass  

ORIFICE SIZE OR 
NOMINAL FLOWRATE 

65 scfm 

15 sc im a t  
3,200 p s i d  

15 sc im a t  
3,200 p s i g  

0.219 i n .  d i a  

0 ,185 i n .  d i a  

0,257 i n .  d i a  

0.223 i n .  d i a  

0.323 i n .  d i a  

1 scfm a t  
3,200 p s i d  

2.180 i n .  d i a  

600 sc im a t  
475 p s i d  

0.00166 l b / s e c  
at  475 p s i g  I N  
and 85 p s i g  OUT 

1 0  s c i m  a t  
475 p s i d  

COEFFICIENT 
OF DISCHARGE 

-- 

-- 

-- 

0.85 

0 ,85 

-- 

-- 

-- 

t 

-- 

L 

EFFECTIVE 
AREA ( i n . 2 )  

S  i n t e r e d  

S i n t e r e d  

S i n t e r e d  

0.03218 

0.02291 

0.0444 

0.0777 

0.1392 

S i n  t e r e d  

3.1726 

S i n t e r e d  

S i n t e r e d  

* I n d i c a t e s  l o c a t i o n  i n  f i g u r e s  3-1. and 3-2. 

** Discharge c o e f f i c i e n t  and e f f e c t i v e  a r e a  a r e  c a l c u l a t e d  f o r  o v e r c o n t r o l  and 
s t e p  o r i f i c e s  i n  s u c c e s s i v e  combination w i t h  t h e  u n d e r c o n t r o l  o r i f i c e .  

t F l i g h t  o r i f i c e - - f o r  accep tance  f i r i n g ,  purge f u n c t i o n  i s  s u p p l i e d  by 
f a c i l i t y  o r i f i c e  of 65 scfm a t  1,600 p s i .  



TABLE 3-2 (Sheet  2 of  3) 
S-IVB-209 STAGE AND GSE ACCEPTANCE FIRING ORIFICES 

* I n d i c a t e s  l o c a t i o n  i n  f i g u r e s  3-1 and 3-2. 

79 

83 

-- 

A9515 

A9526 

A9533 

A9534 

A9535 

A9536 

A9537 

A9538 

A9539 
- 

t F l i g h t  o r i f i c e - - f o r  accep tance  f i r i n g ,  purge f u n c t i o n  i s  s u p p l i e d  by 
f a c i l i t y  o r i f i c e  o f  65 scfm a t  1,600 p s i .  

l i n e t  

LOX tank  v e n t  and r e l i e f  v a l v e  
purge  l i n e  

Engine pump purge  module 

CONSOLE A 

A l l  conso le  A s t a g e  b l e e d s  

P r e s s u r e  a c t u a t e d  v a l v e  and 
mains tage  p r e s s u r e  s w i t c h  
SUPP IY 

J-box i n e r t i n g  supp ly  

LH2 sys  tem checkbut  s u p p l y  

LOX system checkout  s u p p l y  

LH2 tank and u m b i l i c a l  purge 

P r e s s u r e  s w i t c h  checkout--low 
p r e s s u r e  

P r e s s u r e  s w i t c h  checkout--high 
p r e s s u r e  

LH2 tank  r e p r e s s u r i z a t i o n  
supp ly  (ambient he l ium supply)  

Console A  GN2 i n e r t i n g  supp ly  

3,000 p s i d  

65 scfm a t  
3,100 p s i d  

0.00166 l b / s e c  
a t  475 p s i g  I N  
and 85 p s i g  OUT 

V a r i a b l e  

1.2 scfm 

0 ,013  i n .  d i a  

1.2 scfm 

2.0 scfm 

0.260 i n .  d i a  

1.2 scfm 

0.044 i n .  d i a  

Union 

0.013 i n .  d i a  

t 

-- 

-- 
-- 

-- 

-- 
-- 

0.88 

-- 

-- 

-- 

- - 

0.00043 

0.00023 

-- 

S i n t e r e d  

-- 

S i n t e r e d  

S i n t e r e d  

0.0467 

S i n t e r e d  . 

- - 

- - 

- - 



TABLE 3-2 (Sheet  3 of 3) 
$-IVB-209 SIAGE AND GSE ACCEPTANCE FIRING ORIFICES 

i 

DESCRIPTION 

A l l  console  B s t a g e  b l e e d s  

Turb ine  s t a r t  s p h e r e  supp ly  

LOX tank  p r e p r e s s u r i z a t  i o n  0.096 i n .  d i a  

0,161 i n .  d i a  

d ch i l ldown sys tem 

0.013 i n .  d i a  

0.081 i n .  d i a  

* I n d i c a t e s  l o c a t i o n  i n  f i g u r e s  3-1 and 3-2. 



TABLE 3-3 
S-IVB-209 STAGE PRESSURE SWITCHES 

LH2 Tank P r e s s u r i z a t i o n  Sys tern 

Fl  i .ght c o n t r o l  

~ r e ~ r e s s u r i z a t i o n  and ground 
f i l l  v a l v e  c o n t r o l  

O r b i t a l  v e n t  

P ARAMETE R 

LOX Tank ~ r e s s u r i z a t i o n  Sys tern 

PART NO. 

I LOX p r e p r e s s ,  f l i g h t  c o n t r o l ,  
and ground f i l l  v a l v e  c o n t r o l  

LQX tank  r e g u l a t o r  backup 

Pneumat ic  C o n t r o l  System 

I Power c o n t r o l  module 

LOX ch i l ldown pump motor 
c o n t a i n e r  

Engine pump purge 

5-2 Engine 

/ Mains t a g e  OK No. 1 

Mainstage OK No. 2 

SPECIFIED PRETEST 
( p s i 4  ( p s i 4  

NOTES: A l l  p r e s s u r e s  l i s t e d  a r e  t h e  average  of t h r e e  a c t u a t i o n s .  

P/U = Pickup 



-a RELIEF VALVE 

RELIEF VALVE V L K T  
PRESYJRE OPERATED 

8- B U I T E R I L Y  VALVE 
PhElJ?IATICALLY 
OPLRATED 

55 
-M- $',E::lon 

FLOW REGULATOR & t'HEIJI4klICALLY 
OPERATEG 

CliECK VALVE 

4- W A D  CHECK VAL i 'E  

a ORIFICE 

@ FLOW lb.ETEit 

l l C  NORMALLY CtOSLD 

KO HORYALLY OPEN 

FUEL 

H E L I W  COLD XELIU'I 

VACULIV 





NOTE: 
SEE FIGURE 3-1 FOR 

STAGE r GSE 'LEGEND 

gure 3-2 .  Faci l i  t y  Propel lan t  and Pneumatic Loading Systems . (Sheet  2 o f  2 )  





4. COUNTDOWN OPERATIONS 

The S-IVB-209 s t a g e  s c c e p t a n c e  f i r i n g  was s u c c e s s f u ~ l y  accomplished 

d u r i n g  CD 614085 on 20 June  1967. A l l  phases  o f  t h e  accep tance  f i r i n g  

countdown a r e  reviewed and e v a l u a t e d  i n  t h e  fo l lowing  paragraphs ,  which 

i n c l u d e  d i s c u s s i o n s  o f  t h e  p r e f i r i n g  checkout ,  p r o p e l l a n t  l o a d i n g ,  and 

ground s u p p o r t  and f a c i l i t y  o p e r a t i o n s .  

4 .1  Countdown 614084 (Run lA, Run 1 B )  

Countdown 614084 was i n i t i a t e d  on 1 3  June and proceeded smoothly through 

p r o p e l l a n t  l o a d i n g .  Two f i r i n g  a t t e m p t s  were made on 1 4  June.  Run 1A 

proceeded t o  To -822.9 sec when an e r r a t i c  augmented s p a r k  i g n i t e r  (ASI) 

i g n i t i o n  d e t e c t i o n  s i g n a l  was r e c e i v e d  on t h e  "Engine Ready'' s can .  The 

a u t o m a t i c  count  was h a l t e d  and t h e  s t a g e  was r e c y c l e d  a u t o m a t i c a l l y  t o  

To -25 min. The problem was i s o l a t e d  t o  an o v e r l y  s e n s i t i v e  i g n i t i o n  

d e t e c t i o n  p robe ,  and t h e  sys tem a m p l i f i e r  was a d j u s t e d  s l i g h t l y .  The 

a c c e p t a n c e  f i r i n g  w a s  a l s o  modi f i ed  t o  avoid  l o o k i n g  f o r  i g n i t i o n  

d e t e c t i o n  u n t i l  a f t e r  t h e  probe had been c h i l l e d  down. 

Run 1 B  w a s  p icked  up a t  t h e  i n i t i a t i o n  of t g r m i n a l  coun t ,  To -25 min, a t  

1550 PDT and proceeded smoothly t o  t h e  eng ine  s t a r t  sequence.  When t h e  

computer s e n t  t h e  Switch S e l e c t o r  LOX Chilldown Pump Reset  Command, it 

d i d  n o t  r e c e i v e  t h e  p r o p e r  complementary answer which would permi t  t h e '  

command t o  b e  execu ted ,  and t h e  t e s t  was manually c u t  o f f  and t h e  

countdown te rmina ted .  

* . 4.2 'countdown 61'4085 (Run 2A) 

Countdown 614085 was i n i t i a t e d  on 19 June.  P r o p e l l a n t  l o a d i n g  proceeded 

smoothly ,  a l though  LH2 d e p l e t i o n  s e n s o r  No. 1 cyc led  t h r e e  t imes .  Termi- 

n a l  count  was i n i t i a t e d  a t  1114 h r  on 20 June,  and t h e  accep tance  f i r i n g  

s u c c e s s f u l l y  completed. Cutof f  was a u t o m a t i c a l l y  i n i t i a t e d  by t h e  PU 

p r o c e s s o r  due t o  LOX d e p l e t i o n  (1 p e r c e n t  r e s i d u a l )  a f t e r  455.95 s e c  

o f  mains tage  o p e r a t i o n .  , A l l  sys tems o p e r a t e d  p r o p e r l y  . . w i t h  t h e  e x c e p t i o n  

o f  t h e  LOX t a n k  p r e s s u r i z a t i o n  sys tem,  which i s  d i s c u s s e d  i n  s e c t i o n  7 .  

S p e c i f i c  countdoxan t imes  a r e  p r e s e n t e d  i n  t a b l e  4-1. 



4.3 Countdown 614086 ( S p e c i a l  T e s t s )  

A f t e r  t h e  accep tance  f i r i n g ,  t h e  s c a g e  was r e l o a d e d  w i t h  p r o p e l l a n t s  on 

23  June  t o  conduct a d d i t i o n a l  t e s t s  on t h e  LH2 chi l ldown system and t h e  

LH2 d e p l e t i o n  s e n s o r s .  The purpose  o f  t h e s e  t e s t s  was t o  i n v e s t i g a t e  t h e  

e f f e c t  of t h e  LH2 ch i l ldown d u c t  f a i r i n g  purge media upon t h e  LH2 pump 

chi l ldown.  The d a t a  o b t a i n e d  from t h e s e  t e s t s  shou ld  p r o v i d e  some 

i n s i g h t  i n t o  t h e  abnormal ch i l ldowns  t h a t  occur red  d u r i n g  t h e  S-IVB-207 

and 208 accep tance  f i r i n g s .  These d a t a  a r e  p r e s e n t l y  b e i n g  ana lyzed .  

. 4.4 Checkout 

The m o d i f i c a t i o n s ,  p r o c e d u r e s ,  and checkouts  performed f o r  t h e  accep tance  

f i r i n g  were i n i t i a t e d  on 10 March 1967, when t h e  s t a g e  w a s  r e c e i v e d  a t  

t h e  Sacramento T e s t  Cen te r ,  and con t inued  through 12 June  when t h e  s t a g e  

was ready f o r  t h e  accep tance  f i r i n g .  The h a n d l i n g  and checkout  p rocedures  

t h a t  were used f o r  t h e  p r e f i r i n g  and p o s t - f i r i n g  checkouts  a r e  d e s c r i b e d  

i n  Douglas Report  DAC 56501, JJa~-rative End Itcrrr Repost on Sakurn S-ITD-209, 

VoZwne 1, SSC, d a t e d  March 1967. 

A f t e r  t h e  p r e f i r e  m o d i f i c a t i o n s  and l i m i t e d  p r e f i r e  checkout were performed 

a t  t h e  V e r t i c a l  Checkout Labora to ry ,  t h e  s t a g e  was i n s t a l l e d  on Complex 

B e t a  T e s t  S tand  I on 1 5  May. The p r e E i r e  checlcout o f  t h e  s t a g e  was 

completed 4 weeks l a t e r ;  t h e  " ~ e n d y  f o r  Acceptance F i r i n g "  m i l e s t o n e  

was met on 12 June 1967. 

4.5 Cryogenic Loading 

The S-IVB-209 s t a g e  was sc lccess fu l ly  103dild k'it:l LOX, Lbt2, and c o l d  

hel ium.  

4.5.1 LOX Loading 

~h~  LOX load ing  procedures  were ~0; :dcc t -  2 2; sn*xe i  f i e d  i n  Task 41 of  the  

Countdown Manual. P rep3r~3Li i~ : l~  L't'rt' c<:-;-lc'tcd ~i;i<! cor~pt l ter  c o n t r o l l e d  



4.5.2 LH2 Loading 

The  LH2 l o a d i n g s  were conducted as  s p e c i f i e d  i n  Task 42 of t h e  Countdown 

Manual and proceeded smoothly,  a l t h o u g h  LH2 d e p l e t i o n  s e n s o r  No. 1 

c y c l e d  s e v e r a l  t imes  d u r i n g  CD 614085, r u n  2A. LH2 l o a d i n g  d a t a  f o r  

CD 614085 a r e  p r e s e n t e d  i n  f i g u r e  4-2. 

4.5.3 Cold Helium Loading 

Cold he l ium was loaded a f t e r  t h e  complet ion of LH2 load ing .  S a t i s f  actcory 

4 t empera tu res  and p r e s s u r e s  were a t t a i n e d  a l t h o u g h ,  due t o  a  s h o r t  c h i l l -  

1 . down p e r i o d ,  t h e  t empera tu re  was s l i g h t l y  h i g h e r  than normal.  Data  from 

CD 614085 a r e  p r e s e n t e d  i n  f i g u r e  4-3. 

4.6 GSE Performance 

4 .6 .1  GH2 Supply System 

1 The GH2 supp ly  s y s  tem performed adequa te ly .  S t a r t  s p h e r e  ch i l ldown and 

1 l o a d i n g  were s a t i s f a c t o r i l y  accomplished.  At Engine S t a r t  Command, t h e  

eng ine  s t a r t  s p h e r e  c o n d i t i o n s  were  w i t h i n  t h e  r e q u i r e d  l i m i t s .  Da ta  

a r e  p r e s e n t e d  i n  f i g u r e  4-4. 

4.6.2 Helium s u p p l y  System 

1 The he l ium s u p p l y  s y s  tern f u n c t i o n e d  a d e q u a t e l y .  P r o p e l l a n t  t a n k  p r e p r e s -  

1 s u r i z a t i o n ,  t h r u s t  chamber ch i l ldown,  c o l d  he l ium s p h e r e s  l o a d i n g ,  and 

1 s t a g e  and eng ine  c o n t r o l  s p h e r e  l o a d i n g  were a l l  s a t i s f a c t o r i l y  accorn- 

1 p l i s h e d .  Fol lowing each p r e p r e s  s u r i z a t i o n  c y c l e  t h e  ambient he l ium 

1 supp ly  p r e s s u r e  (D0778) s h i f t e d  upward, due t o  a  r e g u l a t o r  s h i f t .  

1 T h i s  h a s  o c c u r r e d  on o t h e r  f i r i n g s  and i s  n o t  c o n s i d e r e d  abnormal. 

! Data  a r e  p r e s e n t e d  i n  f i g u r e s  4-5 through 4-7. 

4.7 Countdown Problem Summary 
t 

4.7.1 Countdown 614084 

This  countdown was a b o r t e d  when n o  i g n i t i o n  was o b t a i n e d  a t  T +I50 s e c ,  
0  



and 

had 

manual c u t o f f  was i n i t i a t e d  when i t  was e v i d e n t  .-:,at a m a l f u n c t i o n  

occur red .  The f o l l o w i n g  problems were encountered:  

I 
l a. While t h e  bonnet  screws on t h e  LOX main f i l l  v a l v e  were b e i n g  
1 to rqued  d u r i n g  Task 7 ,  P r o p e l l a n t  T r a n s f e r  Lines  P r e p a r a t i o n  and 

C o n t r o l s  Check, t h e  v a l v e  c y c l e d  c l o s e d .  I n v e s t i g a t i o n  o f  t h e  

I c l o s i n g  of t h e  v a l v e  r e v e a l e d  t h a t  i t  was c l o s e d  from an i n t e r -  

l o c k  command s e n t  d u r i n g  Task 9 ,  Redl ine  Checks. 

b. During t h e  t e r m i n a l  coun t ,  a t  T -822.9 s e c ,  t h e  e n g i n e  c o n t r o l  
0 

bus power was l o s t  and no power was on t h e  eng ine  bus.  I n v e s t i -  

g a t i o n  r e v e a l e d  t h a t  when t h e  computer scanned t h e  eng ine  f o r  

a r e a d i n e s s  check,  i t  found power on t h e  e n g i n e  i g n i t i o n  d e t e c t i o n  

c i r c u i t .  The computer a u t o m a t i c a l l y  t u r n e d  o f f  t h e  eng ine  c o n t r o l  

bus  power and r e t u r n e d  t h e  count t o  T -25 min, a s  programmed. A 
0 

manual check of t h e  s i t u a t i o n  could  n o t  d u p l i c a t e  t h e  problem, s o  

t h e  countdown was r e s t a r t e d  a s  run  1 B .  

c. During t h e  t e r m i n a l  count of run  1 B  a t  T +I50 s e c ,  o r  a t  t h e  t ime 
0 

of e n g i n e  i g n i t i o n ,  no i g n i t i o n  occur red  and manual c u t o f f  was 

i n i t i a t e d .  I n v e s t i g a t i o n  r e v e a l e d  Ghat when t h e  computer program 8 
gave t h e  command f o r  LOX c h i l l d o i n  pump r e s e t ,  i t  d i d  n o t  r e c e i v e  

t h e  complementary answer t h a t  would permi t  e x e c u t i o n  of t h e  

command. The t e s t  was manually c u t  o f f  and t h e  countdown w a s  

t e r m i n a t e d .  

A f t e r  c o n s i d e r a b l e  t r o u b l e s h o o t i n g ,  t h r e e  r e l a y s  w i t h i n  t h e  

computer c o n t r o l  equipment were r e p l a c e d .  Although t h e  p r e c i s e  ' 

c a u s e  of t h e  probelm was n o t  p i n p o i n t e d ,  i t  i s  f e l t  t h a t  t h e  

p r o b a b l e  cause  was a s i n g l e ,  random mal func t ion  i n  t h e  respolise 

condi  t i o n e r  . 

F i v e  problems were encounte red  d u r i n g  t h i s  countdown; however, none of t h e  

problems r e q u i r e d  a d e l a y  i n  countdown t ime.  

a. During Task 1 4 ,  Abort Mode Checks, t h e  forward bus No. 1 power 

supp ly  mal func t ioned  because  a  d e f e c t i v e  f a n  sys tem caused i t  t o  .- 
o v e r h e a t .  The u n i t  was r e p l a c e d .  



b. During Task 39,  LOX l o a d i n g ,  t h e  d i g i t a l  e v e n t s  r e c o r d e r  

m a l f u n c t i o n e d  and r e q u i r e d  r e l o a d i n g .  

c .  The LH2 d e p l e t i o n  s e n s o r  No. 1 c y c l e d  twice  from wet t o  d r y  a t  
/ 

t h e  31,  34,  and 60 p e r c e n t  l e v e l s  f o r  d u r a t i o n s  of 7, 12,  and 

1 9 ms, r e s p e c t i v e l y ,  t h e n  i n d i c a t e d  normal ly .  

d. The main LH2 s t o r a g e  t ank  s h u t o f f  v a l v e ,  ROV-408, was r e p o r t e d  

t o  be  l e a k i n g  e x t e r n a l l y  d u r i n g  t h e  f i r i n g .  

i e. At approx imate ly  T  -1 h r ,  t h e  s a f e t y  cu to f f -gas  g e n e r a t o r  
0 

1 e x h a u s t  t empera tu re  measurement began t o  i n d i c a t e  e r r a t i c a l l y .  

4.8 Atmospheric Condi t ions  

i The a tmospher ic  c o n d i t i o n s  a t  s p e c i f i c  t imes d u r i n g  t h e  countdowns a r e  

p r e s e n t e d  i n  t h e  f o l l o w i n g  p a r a g r a p h s ,  

4.8.1 Countdown 614084 

4 Time (PDT 1000 1200 1400 1600 
1 

Wind speed  ( k n o t s )  

Wind d i r e c t i o n  (deg) 

Baromet r ic  p r e s s u r e  ( i n .  Hg) 

Ambient t empera tu re  (deg F) 

Dew p o i n t  (deg F) 

4.8.2 Countdown 614085 

Time (PDT) 

Wind speed  ( k n o t s )  

Wind d i r e c t i o n  (deg) 170 200 2  00 260 210 

3 Baromet r ic  p r e s s u r e  ( i n .  Hg) 29.91 29.89 29.88 29.86 29.86 

i 
-4 Ambient t e m p e r a t u r e  (deg F) 6 1 65  7 0  75 7 9 
3 
3 
2 Dew p o i n t  (deg F) - 33  5 4 5 6 5 7 5 6 

3 : 0 
i 
4 
j 
: 
3 
i 

4-5 





TABLE 4-1 
TERMINAL COUNTDOWN SEQUENCE (CD 6140b5) 

E?ENT - 
S t a r t  sphere  purge supply OPEN . 

Thrus t  chamber purge CLOSED 

Thrus t  chamber chi l ldown .OPEN 

S t a r t  sphere  purge supply CLOSED 

S t a r t  sphere  GH2 f i l l  supply OPEN 

LOX chilldown pump ON 

LH2 chilldown pump ON 

LH2 preva lve  CLOSED 

LOX preva lve  CLOSED 

S t a r t  sphere GH2 f i l l  CLOSED 

S t a r t  sphere  supply vent  OPEN 

LOX tank vent  va lve  CLOSED 

LH2 tank vent  xa lve  CL9SED r 
Cold helium r e g u l a t o r  backup swi tch  ENABLED 

LOX f i l l  and d r a i n  va lve  CLOSED 

LH2 f i l l  and d r a i n  va lve  CLOSED 

LH2 d i r e c t i o n a l  ven t  t o  f l i g h t  p o s i t i o n  

Cold helium sphere  supply OFF 

Engine c o n t r o l  sphere  f i l l  CLOSED 

Simulated L i f t o f f  (11:39:34.000) 

Engine pump purge OFF 

LH2 preva lve  OPEN 

LOX preva lve  OPEN 

LH2 chi l ldown pump OFF 

LOX chilldown pump OFF 

Engine S t a r t  Command 

LOX p r e s s u r i z a t i o n  system ON 

S t ep  p r e s s u r i z a t i o n  

Engine Cutoff Command . 

- A .- 

f T M E  FROM To ( s e c )  

-1230.144 
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Figure 4-4. GSE Performance During o i n e  S t a r t  Sphere Chilldown and Loading 
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I \/--HEAT EXCHANGER OUTLET TEMPERATURE (C0702) \ I 
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Figure 4-7. GSE Performance During Thrust Chamber Chi l ldown 





5 ,  SEQUENCE OF EVENTS 

The S-IVB-209 s t a g e  accep tance  f i r i n g  sequence of e v e n t s  i s  p r e s e n t e d  

i n  t a b l e  5-1. Event t imes  from t h r e e  d a t a  s o u r c e s  a r e  inc luded  i n  t h e  

t a b l e .  These s o u r c e s  were D i g i t a l  Even ts  Recorder  (DERICAT 5 7 ) ,  PCM/FM 

Sequence (CAT 4 2 ) ,  and PCM/FM D i g i t a l  T a b u l a t i o n  (PCM/TAB/CAT 4 5 ) .  

Accurac ies  o f  t h e  l i s t e d  e v e n t s  a r e  a s  f o l l o w s :  

DATA SOURCE ACCURACIES 

D i g i t a l  Events  Recorder  (DER/CAT 57) +0, -I ms 

PCM/FM 

D i s c r e t e  Bi-Level (CAT 42) 

D i g i t a l  T a b u l a t i o n  (CAT 45) 

Prime 

Submul t i p  1 ex  





TABLE 5-1 (Sheet 1 of  9) 
SEQUENCE OF EVENTS 

u x i l i a r y  H y d r a u l i c  Pump ON 

OX Chil ldown Pump ON 

HZ .Chilldown Pump ON 

n g i n e  Pump Purge  C o n t r o l  Va lve  Op 

n t e r n a l  Power T r a n s f e r  

Pwr A f t  Bus 1 I n t  T r a n s f e r  

Pwr A f t  Eus 2 I n t  T r a n s f e r  

Pwr Fwd Bus I n t  T r a n s f e r  

S imula ted  L i f t o f f  (To)* 

I n f l i g h t  Ca l  ON 

I n f l i g h t  Ca l  OFF 

U l l a g e  Rocket Chg ON Cmd 

*To = 1139:34.000 PDT 





TABLE 5-1 (Sheet 3 of 9) 
SEQUENCE OF EVENTS 

EVENT/RESULT OF COMMAND 

LH2 Chilldown Pump OFF Cmd 

Engine Cutoff OFF Cmd 

Engine Cutoff Command ON (~ropout) 

Chilldown Pump Discharve Valve 

LH2 Chilldown Pump OFF 

LOX Chilldown Pump OFF Cmd 

LOX Chilldown Pump OFF 

LOX Chilldown Valve Closed 

LH2 Chilldown Valve Closed 

Engine Start ON Cmd (ESC)* 

Thrust Chamber Spark Sys ON 

Gas Generator Spark ON 

Helium Control Solenoid Energized 

Engine Ready Signal OFF 

Engine Start ON 

ul 
I 
Ln 

*ESC = To +151.847 sec 



TABLE 5-1 (Sheet 4 of 9) 
SEQUENCE OF EVENTS 

EVENTIRESULT OF COMMAND 

a i n  Fuel Valve Closed (Dropout) 

a i n  Fuel  Valve Open 

g n i t i o n  Detected 

ngine S t a r t  OFF Cmd 

ngine S t a r t  OFF 

t a r t  Tank Discharge Valve Close 

S t a r t  Tank Discharge Valve Open 

Mainstage Control  Solenoid 

Main Oxidizer  Valve Closed 

Gas Generator Valve Closed 

S t a r t  Tank Discharge Valve Closed 

tm"la $Li,i&$ 

- " .- - ----- rrr.rr**rx.mr*"rx n*m r r r  MI 1 I t '  1 n rl'i '"I WM,* 
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TABLE 5-1 (Shee t  5 of 9) 
SEQUENCE OF EVENTS 

EVENT/RESULT OF COMMAND 

Gas Genera to r  Valve Open 

O x i d i z e r  Turb ine  Bypass Valve Open 
(Dropout)  

O x i d i z e r  Turb ine  Bypass Valve 
Closed 

Mainstage P r e s s u r e  Swi tch  Depress  E 
(Dropout)  

Mainstage P r e s s u r e  Switch Depress  A 
(Dropout)  

Mainstage OK 

EngLne Burn No. 1 ON Cmd 

Engine Burn No. 1 ON (LH2 Tnk S t e p  
P r e s s  Cont S o l )  

Main O x i d i z e r  Valve .Open 

Gas G e n e r a t o r  Spark System ON ' 

(Dropout) 

Thrust 'ChamSer Spark System ON 
(Dropout) 

PU A c t i v a t e  Cmd 



TABLE 5-1 (Shee t  6 of 9) 
SEQUENCE OF EVENTS 

EVENT/RESULT OF COMMAND 

Rocket J e t t i s o n  Charge ON 

Rocket J e t t i s o n  F i r e  ON Crnd 

J e t t i s o n  Charge Cmd R e s e t  

J e t t i s o n  F i r e  Crnd R e s e t  

S a f e t y  OFF Enable  ON Crnd 

a r y  H y d r a u l i c  Pump OFF Crnd . 

a r y  H y d r a u l i c  Pump ON Crnd 

a r y  H y d r a u l i c  Pump ON 

Burn Relay OFF Crnd 



TABLE 5-1 (Sheet  7 o f  9) 
SEQUENCE OF EVENTS 

EVENT/RESULT OF comm , 

P o i n t . L e v e 1  Sensor  ON Cmd 

Non Programmed Engine Cutof f  

Cutof f  S i g n a l  Energ ized  

I g n i t i o n  Phase  C o n t r o l  S o l e n o i d  
Energized (Dropout)  

Mainstage C o n t r o l  So leno id  
Energized (Dropout)  

Engine Cutof f  ON Cmd 

Engine Cutoff  Command ON (ECC) * 
Main O x i d i z e r  Valve Open (Dropout) 

Gas Genera to r  Valve Open (Dropout)  

Main Fue l  Valve Open (Dropout)  

Gas Genera to r  Valve Closed 

io &ECC = T f610.682 s e c  
0 



TABLE 5-1 (Sheet 8 of 9) 
SEQUENCE OF EVENTS 

EVENTIRESULT OF COMMAND 

Mainstage Pressure Switch A Depress 

Main Oxidizer Valve Closed 

Main Fuel Valve Closed 

Fuel Pre-Valve Open (Dropout) 

Oxidizer Pre-Valve Open (Dropout) 

Fuel Pre-Valve Closed 

Oxidizer Pre-Valve Closed 

Helium Control Solenoid 

Coast Period ON Cmd 

Engine Start OFF Command 

LH2 Chilldown Pump OFF Command 

LOX. Chilldown Pump OFF Command 

PU Activate OFF Cmd 

PU Activate OFF 

PU Inverter and DC Power OFF Cmd . 







6. ENGINE SYSTEM 
7 - 
The S-IVB-209 s t a g e  accep tance  f i r i n g  was performed w i t h  an upra ted  

(230 ,000- lb f - th rus t )  Rocketdyne e n g i n e  S/N 2083 ( f i g u r e  6-1) mounted on 

I t h e  s t a g e .  The eng ine  was manufactured i n  t h e  d e s i g n a t e d  c o n f i g u r a t i o n  

I b a s e l i n e  f o r  5-2 e n g i n e s  SIN 2077 and subs as d e s c r i b e d  i n '  t h e  Rocketdyne 

1 c o n f i g u r a t i o n  r e p o r t  (R-5788) and c o n t a i n e d  o r i f i c e  d i a m e t e r s  of 0.276 i n .  
I 
I LOX and 0 .481 i n .  LH2 i n  t h e  gas  g e n e r a t o r  f e e d  system. The eng ine  had 

1 a l - s e e  s t a r t  t ank  d i s c h a r g e  v a l v e  t i m e r  i n  t h e  e n g i n e  c o n t r o l  c i r c u i t  

I and p r i o r  t o  t h e  accep tance  f i r i n g  b l a n k  o r i f i c e s  were  i n s t a l l e d  i n  t h e  

I s t a r t  t ank  r e f i l l  sys tem t o  p r e v e n t  s t a r t  t a n k  r e f i l l .  There  were no 

o t h e r  s i g n i f i c a n t  e n g i n e  m o d i f i c a t i o n s  a f f e c t i n g  e n g i n e  performance.  

6 .1  Engine Chil ldown and Condi t ion ing  

6.1.1 Turbopump Chilldown 

I 
I Chilldown of t h e  eng ine  LOX and LH2 turbopumps was adequa te  t o  p r o v i d e  

I t h e  c o n d i t i o n s  r e q u i r e d  f o r  p r o p e r  e n g i n e  s t a r t .  An a n a l y s i s  of t h e  

I -  0 ch i l ldown o p e r a t i o n s  i s  p r e s e n t e d  i n  pa ragraphs  7 .3  and 8.2. 

6.1.2 T h r u s t  Chamber Chil ldown 

The t h r u s t  chamber s k i n  t empera tu re  ( f i g u r e  6-2) was 230 deg R a t  Engine 

I S t a r t  Command (ESC), w e l l  w i t h i n  t h e  eng ine  s t a r t  r equ i rement  of 

I 260 2 5 0  deg R; t h i s  r e s u l t e d  i n  satisfactory s t a r t  t r a n s i e n t  b u i l d u p  

I c h a r a c t e r i s t i c s  f o r  t h e  LH2 pump ( f i g u r e  6-3). Da ta  a r e  p r e s e n t e d  i n  

t a b l e  6-1. F u r t h e r  i n f o r m a t i o n  on t h e  ch i l ldown o p e r a t i o n  and ground ' 

s u p p o r t  equipment supp ly  sys tem i s  p r e s e n t e d  i n  s e c t i o n  4. 

6.1.3 Engine C o n t r o l  Sphere Chilldown and Loading 

I Engine c o n t r o l  s p h e r e  c o n d i t i o n i n g  was adequate  ( f i g u r e  6-4),  and a l l  

I o b j e c t i v e s  were  s a t i s f a c t o r i l y  accomplished.  The eng ine  s t a r t  r e q u i r e -  

ment of 2,000 t o  3,450 p s i a  was met. S i g n i f i c a n t  c o n t r o l  s p h e r e  

. performance d a t a  a r e  p r e s e n t e d  i n  t a b l e  6-2. 

5.1.4 Engine S t a r t  Sphere  Ch'il?do>7n and Loading ' 

Chilldown and l o a d i n g  of t h e  e n g i n e  GH2 s t a r t  s p h e r e  met t h e  requ i rements  



f o r  eng ine  s t a r t .  S t a r t  s p h e r e  performance d a t a  a r e  p r e s e n t e d  i n  

f i g u r e  6-5. The GH2 supp ly  sys tem performarice d u r i n g  s t a r t  s p h e r e  c l l i l l -  

down and l o a d i n g  i s  d e s c r i b e d  i n  s e c t i o n  4. The s p h e r e  warmup r a t e  from 

s p h e r e  p r e s s u r i z a t i o n  t o  blowdown was 2.87 deg R/min. S i n c e  t h e  S-IVB-209 

s t a g e  may be  u t i l i z e d  i n  t h e  o r b i t a l  workshop program, and t h u s  may have 

t o  be p a s s i v a t e d  i n  o r b i t ,  t h e  s t a r t  s p h e r e  was n o t  r e p r e s s u r i z e d  d u r i n g  

e n g i n e  o p e r a t i o n .  

6.2 5-2 Engine Performance A n a l y s i s  Methods and I n s t r u m e n t a t i o n  

Engine performance f o r  t h e  accep tance  f i r i n g  was c a l c u l a t e d  by u s e  o f  

coinputer programs AA89, G105-1, and F823-1. Computer program PA49 

p r e s e n t s  t h e  average performance r e s u l t s .  Computer program PA53 was used 

t o  compute s t a r t  and c u t o f f  t r a n s i e n t  e n g i n e  performance.  A d e s c r i p t i o n  

of t h e  o p e r a t i o n  and a  comparison of t h e  r e s u l t s  of e a c h  program i s  

p r e s e n t e d  i n  t a b l e  6-3. Data i n p u t s  t o  t h e  computer programs w i t h  t h e  

a p p l i c a b l e  b i a z e s  a r e  shown i n  t a b l e  6-4. 

6.3 5-2 Engine Performance 

The e n g i n e  performance was s a t i s f a c t o r y .  P l o t s  of s e l e c t e d  d a t a  showing 

e n g i n e  c h a r a c t e r i s t i c s  a r e  p r e s e n t e d  i n  f i g u r e s  6-6 through 6-11. The 

e n g i n e  p r o p e l l a n t  i n l e t  c o n d i t i o n s  a r e  p r e s e n t e d  i n  s e c t i o n s  7 and 8. 

The e n g i n e  performance l e v e l s  were comparable,  w i t h i n  t h e  run-to-run 

d e v i a t i o n s ,  t o  t h e  l e v e l s  e s t a b l i s h e d  d u r i n g  t h e  Rocketdyne s t a g e  accep- 

t a n c e  f i r i n g  s e r i e s  and t h e  s t a g e  accep tance  f i r i n g  p r e d i c t i o n .  The 

'performance p r o f i l e s  de te rmined  by t h e  programs d i s c u s s e d  i n  p a r a g r a p h  6 .2  

are shown i n  f i g u r e  6-12; t h e  composi te  v a l u e s  which c o n s t i t u t e  t h e  f i n a l  

e n g i n e  performance v a l u e s  a r e  shown i n  t a b l e  6-5. 

Flow i n t e g r a l  mass a n a l y s i s  i n d i c a t e s  t h a t  189,949 lbm of  LOX and 

36,856 lbm of LH2 were consumed be tween Engine S t a r t  Cbmmand and Engine , 

Cutof f  Command (ECC). Th is  v a l u e  o f  p r o p e l l a n t  consumption w i l l  be  

f u r t h e r  r e f i n e d  and p r e s e n t e d  i n  t h e  f low i n z e g r a l  c ryogen ic  c a l i b r a t i o n  

r e p o r t  on t h e  S-IVB-209 s t a g e  p r o p e l l a n t  u t i l i z a t i o n  system. The a n a l y s i s  

a l s o  i n d i c a t e s  t h a t  the o v e r a l l  s t a g e  average t h r u s t  from t h e  9.0 p e r c e n t  

performance l e v e l  (ESC $3.799 s e c )  t o  eng ine  c u t o f f  (ESC $458.836 s e c )  



was 212,412 l b f .  The average  mix ture  r a t i o  and s p e c i f i c  impulse  were  6 5.192 and 426.8 s e c ,  r e s p e c t i v e l y ,  f o r  t h e  sams t ime p e r i o d .  The 

v a r i a t i o n  of s p e c i f i c  impulse  w i t h  m i x t u r e  r a t i o  i s  shown i n  f i g u r e  6-13. 

The t o t a l  impulse  g e n e r a t e d  from Engine S t a r t  Command . to Engine Cutof f  
6 

Command was 97.67 X 1 0  lb f - sec .  E x t r a p o l a t i o n  of t h e  p r o p e l l a n t  resi- 

d u a l s  a s  i n d i c a t e d  by t h e  p o i n t  l e v e l  s e n s o r s  (2 ,311  lbm of  LOX, 1 ,366  l t m  

of LH2) i n d i c a t e s  t h a t  a LOX d e p l e t i o n  c u t o f f  would have o c c u r r e d  a t  

ECC +5.148 s e c .  I n  t h a t  t ime ,  an a d d i t i o n a l  937,591 l b f - s e c  impulse  

would have been g e n e r a t e d ,  making t h e  t o t a l  s t a g e  p o t e n t i a l  impulse  from 
6  

Engine S t a r t  Command t o  d e p l e t i o n  c u t o f f  98.61 X 1 0  l b f - s e c ,  a s  compared 

t o  t h e  p r e d i c t e d  v a l u e  of 98.53 X l o 6  lb f - sec .  The 0.08 p e r c e n t  dev ia -  

t i o n  i s  w i t h i n  t h e  p r e d i c t e d  accuracy  of approximately  1 p e r c e n t .  The 

4.228 s e c  d i f f e r e n c e  between t h e  a c t u a l  and p r e d i c t e d  t imes  i s  a l s o  w i t h i n  

t h e  p r e d i c t i o n  accuracy.  

6 .3 .1  S t a r t  T r a n s i e n t  -- - 
The 5-2 e n g i n e  s t a r t  t r a n s i e n t  was s a t i s f a c t o r y .  A summary o f  e n g i n e  

performance i s  p r e s e n t e d  i n  t h e  f o l l o w i n g  t a b l e :  

Acceptance F t r i n g  Log Book - 

Time t o  90 p k r c e n t  
performance l e v e l  ( s e c )  

S t a r t  Tank D i s c h a r g e  
Valve Command ( s e c )  

ESC +I. 083 ESC +1.0 

T h r u s t  r i s e  t ime ( s e c )  2.439 2.00 

T o t a l  impulse  ( l b f - s e c )  186,220 159,926k 

Maximum r a t e  of t h r u s t  
i n c r e a s e  ( l b f  / s e e )  

* Based on s t a b i l i z e d  t h r u s t  a t  n u l l  PU and s t a n d a r d . a l t i t u d e  c o n d i t i o n s  
( t e s t  No. 313-082) 

** Maximum a l l o w a b l e  

T h r u s t  bu i ldup  t o  t h e  90 p e r c e n t  performance l e v e l  (627 p s i a  t h r u s t  

chamber p r e s s u r e  f o r  t h e  u p r a t e d  eng ine)  was w i t h i n  t h e  maximum and 



minimum t h r u s t  bands .  The d e v i a t i o n  i n  t o t a l  impulse  ( l o g  book) i s  due 6 3 * .  t o  l o n g e r  t h r u s t  r i s e  t ime ( t ime  from f i r s t  i n d i c a t i o n  of t h r u s t  t o  t h e  

90 p e r c e n t  performance l e v e l )  d u r i n g  t h e  accep tance  f i r i n g .  The t o t a l  

impulse  accumulated d u r i n g  t h e  s t a r t  t r a n s i e n t  i s  shown' i n  f i g u r e ' 6 - 1 4 .  

F i g u r e  6-15 shows t h e  t h r u s t  chamber p r e s s u r e  d u r i n g  s t a r t  t r a n s i e n t  and 

t h e  t h r u s t  b u i l d u p  t o  the  90 p e r c e n t  performance l e v e l  f o r  t h e  a c c e p t a n c e  

f i r i n g  a s  determined by computer program PA53. As expec ted ,  t h r u s t  over-  

s h o o t  d u r i n g  t h e  s t a r t  t r a n s i e n t  d i d  n o t  occur .  No c o r r e c t i o n  was made 

on a c c e p t a n c e  f i r i n g  d a t a  f o r  main LOX v a l v e  s k i n  t empera tu re ,  a s  t h e s e  

d a t a  a r e  n o t  a v a i l a b l e .  

6.3.2 S teady-S ta te  Performance 

S a t i s f a c t o r y  performance o f  t h e  5-2 e n g i n e  was demonstra ted th roughout  

t h e  s t e a d y - s t a t e  p o r t i o n  of t h e  e n g i n e  burn.  No ev idence  of an  e n g i n e  

performance s h i f t  was found i n  any of t h e  eng ine  i n s t r u m e n t a t i o n .  

Tab le  6-5 compares t h e  o v e r a l l  average performance v a l u e s  d u r i n g  s t e a d y -  

s t a t e  o p e r a t i o n  w i t h  t h e  p r e d i c t e d  performance v a l u e s .  The S-IVB-209 

s t a g e  u t i l i z e d  an u p r a t e d  (230,000 l b f  t h r u s t )  5-2 eng ine  which e x p l a i n s  

t h e  h i g h  performance v a l u e s .  The d e v i a t i o n  between t h e  PU v a l v e  c u t b a c k  

t ime  p r e d i c t i o n  and t h e  a c t u a l  PU v a l v e  cu tback  t ime  i s  d i s c u s s e d  i n  

s e c t i o n  10.  

Engine t h r u s t  v a r i a t i o n s  o c c u r r i n g  d u r i n g  t h e  accep tance  f i r i n g  a r e  

p r e s e n t e d  i n  t a b l e  6-6. These t h r u s t  v a r i a t i o n s  a r e  compared t o  t h e  

p r e d i c t e d  accep tance  f i r i n g  t h r u s t  h i s t o r y  and t h e  C o n t r a c t  End 1,tem (CEI) 

t h r u s t  v a r i a t i o n  l i m i t s  f o r  f l i g h t .  The CEI l i m i t s  dd n o t  app ly  t o  

a c c e p t a n c e  f i r i n g  performance and a r e  p r e s e n t e d  f o r  r e f e r e n c e  on ly .  The 

t h r u s t  v a r i a t i o n s  w i l l  be modif ied by f l i g h t  e f f e c t s  on s t a g e  o p e r a t i c n .  

F i g u r e  6-16 p r e s e n t s  expanded t h r u s t  p l o t s  i l l u s t r a t i n g  t h r u s t  v a r i a t i o n s  

n o t e d  d u r i n g  t h e  f o l l o w i n g  phases  of e n g i n e  o p e r a t i o n s :  

a .  Hardover ,  o r  maximum eng ine  mix ture  r a t i o  o p e r a t i o n  (EMR = 5 . 5 )  

The t h r u s t  v a r i a t i o n s  d u r i n g  hardover  o p e r a t i o n  were w i t h i n  t h e  

C E I  l i m i t s  f o r  normal eng ine  o p e r a t i o n ,  Normal o p e r a t i n g  t h r u s t  



v a r i a t i o n s  during t h i s  per iod  of e ~ g i n e  b u m  a r e  caused by 

s t a b i l i z a t i o n  of the engine znd by stage p e r t u r b a t i o n s ,  

i nc lud ing  the  e f f e c t s  of v a r i a t i o n s  i n  p r o p e l l a n t  supply 

environmental condi t ion,  and p r o p e l l a n t  tank p r e s s u r i z a t i o n  

requirements ,  

b. Trans i en t  from PU va lve  cutback +65 s e c  t o  ECC -70 s e c  

Thrus t  v a r i a t i o n s  during t h e  t r a n s i e n t  pe r iod  from PU va lve  

cutback +65 s e c  t o  ECC -70 s e c  were w i t h i n  the  CEI l i m i t s  

f o r  normal engine opera t ion .  The t h r u s t  v a r i a t i o n s  during 

t h i s  pe r iod  were caused by s t a b i l i z a t i o n  of t h e  engine 

a f t e r  cutback and can be d i r e c t l y  l i nked  t o  movements of 

t h e  PU va lve ,  

c .  F i n a l  70 s e c  of b u m  

Thrust  v a r i a t i o n s  during the f i n a l  70 s e c  of engine burntime 

were w i t h i n  the  C E I  l i m i t s  f o r  normal engine opera t ion .  These 

t h r u s t  v a r i a t i o n s  were mainly due t o  movements of t h e  PU va lve .  

These movements w i l l  be modified somewhat by f l i g h t  e f f e c t s  on 

s t a g e  performance and by improved f l i g h t  c a l i b r a t i o n  of t h e  

PU system. 

6.3.3 Cutoff T rans i en t  

The time between engine c u t o f f ,  as  rece ived  a t  t h e  5-2 engine and moni- 

t o red  by event  measurement KO539 (time of cu tof f  = T +610.683 s e c ) ,  and 
. Q .  

t h r u s t  decrease t o  11,500 lbf  was wi th in  t h e  maximum allowable time of 
' 

800 ms f o r  the acceptance f i r i n g  a s  shown i n  the  fol lowing t a b l e :  

Acceptance F i r i n g  Log Book Allowable 

Thrus t  decrease t o  
11,500 lb f  (ms) 

T o t a l  impulse 34,636* 35,411** 34,100 5 , 3 0 0  
( lbf-sec)  

* PU valve a t  -13.5 deg 

** PU valve a t  n u l l  p o s i t i o n ,  s tandard  a l t i t u d e  condi t ions ,  inc ludes  
-2,400 lb f - sec  correc' t ion f o r  time b i a s ' d u e  to  i nhe ren t  e l e c t r o n i c  
c i r c u i t r y  sys  tem de lays  



T h e  performance v a l u e s  p r e s e n t e d  a r e  i n  s a t i s f a c t o r ,  agreement w i t h  t h e  

l o g  book and t h e  Rocketdyne 5-2 Engine Manual No, k-1825-1.. The s t a g e  

accep tance  f i r i n g  does n o t  i n c l u d e  a c o r r e c t i o n  f o r  main LOX v a l v e  s k i n  

t empera tu re  d e v i a t i o n  from 0 deg F o r  PU v a l v e  d e v i a t i o n  from n u l l  p o s i -  

t i o n .  F i g u r e s  6-17 and 6-18 p r e s e n t  t h e  d 2 t a  f o r  t h e  accumulated c u t o f f  

impulse ,  t h r u s t  chamber pxessure  c u t o f f  t r a n s i e n t ,  and t h e  c u t o f f  t h r u s t  

t o  t h e  11,500 l b f  l e v e l ,  a s  c a l c u l a t e d  by computer program PA53. 

6.4 Engine Sequencing 

T h e  engine sequenc ing  was s a t i s f a c t o r y  throughout  t h e  acceptance f i r i n g  

and compat ible  w i t h  t h e  eng ine  l o g i c  and t h e  accep tance  f i r i n g  t e s t  p l a n .  

T a b l e  6-7 and f i g u r e  6-19 i l l u s t r a t e  t h e  e v e n t  t imes  recorded d u r i q g  t h e  

accep tance  f i r i n g .  The measured v a l u e s  a r e  compared w i t h  nominal o r  l o g  

book v a l u e s .  Most of t h e  d i sagreements  between measured and l o g  book 

v a l u e s  a r e  i n s i g n i f i c a n t  and may be  a s c r i b e d  t o  sampl ing r a t e  e r r o r s  o r  

e f f e c t s  of t h e  l i q u i d s  t h a t  a r e  p r e s e n t  d u r i n g  t h e  accep tance  f i r i n g  b u t  

a b s e n t  d u r i n g  l o g  book t e s t i n g .  The opening time of  t h e  gas  g e n e r a t o r  

v a l v e  was s l o w e r  t h a n  nominal,  b u t  t h i s  caused n o  ill e f f e c t s  t o  t h e  

f i r i n g .  

6.5 Component Opera t ion  

A l l  components on t h e  5-2 eng ine  (SIN 2083) performed s a t i s f a c t o r i l y  

d u r i n g  t h e  S-IVB-209 accep tance  f i r i n g .  The main LOX v a l v e  opened 

s a t i s f a c t o r i l y .  The opening t ime d a t a  were a s  f o l l o w s :  

S p e c 5 f i c a t i o n  Actua l  I t e m  - 
F i r s t  s t a g e  t r a v e l  (ms) 50 225 55 

F i r s t  p l a t e a u  (ms) 510 $70 533 

Second s t a g e  t r a v e l  (ms) 1 ,825 $75 

T o t a l  t ime (ms) 2,385 2170 2,392 

A l l  t imes were w i t h i n  s p e c i f i c a t i o n s ,  i n d i c a t i n g  nominal main LOX v a l v e  

performance d u r i n g  v a l v e  opening.  The v a l v e  c l o s i n g  t ime was 170 ms 

which was approx imate ly  35 ms l o n g e r  t h a n  t h e  maximum s p e c i f i e d ;  however, 

t h i s  d i d  n o t  c o n t r i b u t e  t o  any s i g n i f i c a n t  i n c r e a s e  i n  c u t o f f  t r a n s i e n t :  
I. impulse .  



The performance of t h e  pumps, t u r b i n e s ,  and gas g e n c r a t o r  were s a t i s -  

f a c t o r y .  Data  i n d i c a t i v e  of t h e  performance of t h c s s  components a r e  

shown i n  f i g u r e s  6-9, 6-10, and 6-11, r e s p e c t i v e l y .  PU v a l v e  performance 

was a l s o  s a t i s f a c t o r y  and i s  d i s c u s s e d  i n  s e c t i o n  10.  

The engine-dr iven h y d r a u l i c  pump performed s a t i s f a c t o r i l y  d u r i n g  t h e  

accep tance  f i r i n g .  The gimbal program was conducted between app r o x i -  

mate ly  ESC +69 and ESC +I25 s e c .  C a l c u l a t i o n  made d u r i n g  t h e  gimbal 

program showed t h e  f o l l o w i n g  h y d r a u l i c  pump performance.  

Time from ESC ( s e c )  Horsepower Required (hp) 

T h i s  i s  p o i n t  f u n c t i o n  d a t a  on ly  and no e x t r a p o l a t i o n s  are t o  be  made 

between t h e  t ime  p o i n t s  g iven .  For t imes p r i o r  t o  ESC +69 s e c  and a f t e r  

ESC $125 s e c ,  t h e  r e q u i r e d  horsepower was 4.8. 

6 . 6  Engine V i b r a t i o n  

Five v i b r a t i o n  measurements were mani tored on t h e  e n g i n e  which i n c l u d e d  

one a t  t h e  LOX turbopump, one a t  t h e  LH2 turbopump, and t h r e e  on t h e  

combustion chamber dome. A l l  measurements p rov ided  u s a b l e  d a t a  and a r e  

shown a s  power s p e c t r a l  d e n s i t y  p l o t s  ( f i g u r e  6-20). The v i b r a t i o n  

l e v e l s  a t  t h e s e  l o c a t i o n s  were comparable t o  t h o s e  measured on p a s t  

accep tance  f i r i n g s  . 
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TABLE 6-3 
COMPARISON OF COWUTER PROGRAM RESULTS 

performance.  Using a c t u a l  i n l e t  
c o n d i t i o n s ,  PU v a l v e  p o s i t i o n  and 
e n g i n e  t a g  v a l u e s ,  t h e  a c t u a l  
performance i s  s i m u l a t e d .  

LOX and LH2 f lowmete rs ,  pump F l o w r a t e s  a r e  computed from f lowmeter  
d i s c h a r g e  p r e s s u r e s  and tempera- - d a t a  and p r o p e l l a n t  d e n s i t i e s .  The 
t u r e s ,  chamber p r e s s u r e s ,  chamber CF i s  de te rmined  from e q u a t i o n  
t h r u s t  a r e a  CF  = f (PC,  MR) and t h r u s t  i s  ca lcu-  

l a t e d  from e q u a t i o n  F = CF At PC. 

T h r u s t  chamber p r e s s u r e ,  gas  
g e n e r a t o r  p r e s s u r e ,  f u e l  i n j e c t i o n  
t e m p e r a t u r e ,  f u e l  pump d i s c h a r g e  
t e m p e r a t u r e ,  f u e l  t u r b i n e  i n l e t  
t e m p e r a t u r e  

I 
T h r u s t  chamber p r e s s u r e ,  chamber 
t h r o a t  a r e a  

T o t a l  f lows  of t h e  t h r u s t  chamber and 
gas  g e n e r a t o r  a r e  c a l c u l a t e d  a s  a 
f u n c t i o n  o f  r e s p e c t i v e  chamber p r e s -  
s u r e s .  Mix ture  r a t i o  o f  t h e  chamber 
i s  c a l c u i a t e d  as a  f u n c t i o n  of 
t empera tu re  r i s e  of t h e  f u e l  i n  t h e  
c o o l i n g  j a c k e t ,  and m i x t u r e  r a t i o  o f  
t h e  GG i s  c a l c u l a t e d  a s  a  f u n c t i o n  o f  
t u r b i n e  i n l e t  t empera tu re .  T h r u s t  
i s  c a l c u l a t e d  from t h e  e q u a t i o n  
F = CF At PC. 

The CF i s  computed from e q u a t i o n  
CF = (PC) and t h r u s t  i s  computed from 
e q u a t i o n  F = CF At PC. The impulse  
i s  de te rmined  from i n t e g r a t e d  t h r u s t .  

F  = 213,739 l b f  

8 = 
501.22 lbm/sec  

I = 426.59 s e c  
s P 

MR = 5.203 

F = 211,812 l b f  I 

I = 425.39 s e c  
s P 

F = 211,686 l b f  

I == 428.30 s e c  
SP 

R e f e r  t o  p a r a g r a p h s .  
6 .3 .1  and 6.3.3. 



H/W - Hardwire 

TABLE 6-4 (Shee t  1 of 2) 

1 +' 
t-' T/M - Telemet ry  

RE AS ON - 
P s i g  f14.72 = p s i a  Pcmeas -15 = 
P c a c t  (Rocketdyne e s t i m a t i o n  o f  
PC purge e f f e c t )  

A d j u s t s P c s o  t h a t  a t E S C ,  
PC Prog = P c i n p u t ;  a t  
ESC +60 s e c ,  PC Prog  = 
Pcinpu t  -15 p s i  

Agree w i t h  a c t u a l  p i p  coun t  

Agree w i t h  a c t u a l  p i p  coun t  

BIAS 

-0.28 

98.11 
P e r c e n t  

0 

0 

0 

0 

0 

-41.82 
gpm 

+1,94 
gPm 

DATA INPUTS TO COMPUTER PROGRAMS 

R E A ~ ~ N  

Appeared t o  be i n  b e t t e r  
agreement w i t h  e n g i n e  l o g  
book d a t a  I 

H i g h s a m p l i n g r a t e p r o d u c e d  
more r e a l i s t i c  t r a n s i e n t  

Only one a v a i l a b l e  

Agreed w i t h  e n g i n e  l o g  book 
d a t a  

T/M & H/W e s s e n t i a l l y  t h e  
same. Used T/M 

Less  n o i s y  

Less  n o i s y  

Less  n o i s y  

T/M & H/W e s s e n t i a l l y  t h e  
/same. Used TIM 

SELECTION 

DO524 (B/W) 

DO001 (TIM) 

C0646 (H/W) 

DO008 (TIM) 

C0134 (TIM) 

DO009 (TIM) 

C0648 (H/W) 

F0002 (TIM) 

FOOOl (TIM) 

PARAMETER 

Chamber P r e s s u r e  

LH2 I n j e c t i o n  
Temp 

LH2 Pump Disch 
p r e s s  

LH2 Pump Disch 
T e riip 

LOX Pump Disch 
P r e s s  

LOX Pump Disch 
T ernp 

LH2 Flowra te  

LOX Flowra te  

PROGRAM 

G105-1, 
F82 3- 1 

PA53 

F823-1 

G105-1 

G105-1 
F823-1 

G105-1 

G105-1 

G105-1 

G105-1 





TABLE 6-5 
ENGINE PERFORMANCE 



TABLE 6-6 
ENGINE THRUST VARIATIONS 

FINAL 70 s e c  
TIME PERIOD 

O s c i l l a t i o n s  about mean t h r u s t  

Rate of change of t h r u s t  ( l b f l s e c )  

Thrus t  a c c e l e r a t i o n  ( I b f l s e c )  . 

Thrust  band s lope  ( l b f l s e c )  

nominal ( l b f / s e c )  

and assume a nominal FU cutback a t  ESC f250 sec .  



TABLE 6-7 (Sheet  1 of 6 )  
ENGINE SEQYENCE 

CONTROL EVENTS I CONTINGENT EVENTS 

EVENT AND COMMENT EVENT AND COMMENT 

Thrust  Chamber Spark 
( ~ 0 4 5 4 )  on P/U 

IK0O1O I 
Gas Generator  Spark 

I g n i t i o n  Phase Cont ro l  
Solenoid Engr P/U 

Engine Ready D / O  

LOX Bleed Valve Closed 
P/U 

/K0127 1 LH2 Bleed Valve Closed 
(K0557) P/U 

KO020 AS1 LOX Valve Open P/U 
(K0627) 

I 

NOMINAL TIME FROM 
SPECIFIED REFERENCE 

Within 10  rns of KO021 / 3 1 3 

Within 10  m s  of KO021 

Within 10 m s  of KO021 3 

ACTUAL TIME 
(ms > 

Within 20 m s  of KO021 2 

ESC 

3 

Within 20 m s  of KO006 I 1 1  5 

FROM 
SPECIFIED 
REFERENCE 

3 

(KOXXX) Actua l  number from acceptance f i r i n g  event  r eco rde r .  

f 9 

4 6 

Within 130 m s  of ~ 0 0 0 7 '  62 

Within 20 m s  of KO006 

*Engine ready and s t a g e  separa t ior i  s i g n a l s  ( o r  s imu la t ion )  a r e  r equ i r ed  be fo re  t h i s  command w i l l  be, 
executed.  This  command a l s o  a c t u a t e s  a 640 230 m s  t imer  which c o n t r o l s  ene rg i z ing  of t h e  s t a r t  t ank  
d i scha rge  so l eno id  v a l v e  (K0096). 

0\ 
I 
P 
Cn 

Within 130 m s  of KO007 

39. 

49 



TABLE 6-7 (Sheet 2 of 6) 
ENGINE SEQUENCE 

CONTROL EVENTS 

I 

MEAS 
NO. 

EVENT AND COMMENT 

* I g n i t i o n  Detected 

**Engine S t a r t  Command 
D / O  

***Start Tank Disc  
Control  Solenoid Engr 

KO005 / Mainstage Control  
(K0538) Solenoid Engr 

CONTINGENT EVENTS 
NOMINAL TIME FROM 

MEAS 
NO. 

SPECIFIED REFERENCE 
EVENT AND COMMENT 

Valve Closed 60 230 m s  from KO006 
(G0506) i 

Valve Open 80 250 m s  from KO119 

Within 250 m s  of 
KO021 P/U 

Approx 200 m s  from 
KO021 P/U 

1,000 240 m s  from 
KO021 

S t a r t  Tank Disc  Valve 
Closed 010 

S t a r t  Tsnk Disc Valve 105 520 m s  from KO123 

450 +30 m s  from KO096 I - 

ACTUAL TIME -Y---l 
ip SPECIFIED 

REFERENCE I I 

*This s i g n a l  must be  rece ived  w i t h i n  1,110 260 m s  of KO021 P/U o r  cu to f f  w i l l  b e  i n i t i a t e d .  

**This s i g n a l  drops ou t  a f t e r  a t ime s u f f i c i e n t  t o  l o c k  i n  t h e  engine  e l e c t r i c a l .  

2kfi2kAn i n d i c a t i o n  of f u e l  i n j e c t i o n  temperature of -150 240 deg F ( o r  s imu la t ion )  i s  r equ i r ed  be fo re  th ' is 
cornmand w i l l  b e  executed. This  command a l s o  a c t u a t e s  a  450 230 m s  t imer  which c o n t r o l s  t h e  s t a r t  of 
mainstage. 

(KOXXX) Actua l  number from acceptance f i r i n g  event  r eco rde r .  



TABLE 6-7 (Sheet 3 of 6) 
ENGINE SEQUENCE 

CONTROL EVENTS 
NOMINAL TIME FROM 

SPECIFIED REFERENCE 
EVENT AND COMMENT EVENT AND COMMENT 

" " 

LOX Turbine Bypass 
Valve 80% Closed 

*Within 5,000 m s  of KO005 (Normally = 500 ms) 

m (KOXXX) Actua l  number from acceptance  f i r i n g  event  r eco rde r .  
I . I-' 
4 



------.,--*- "-- ~~-"""',~-~4#,w# " ,w d u4m'*L-"L 4, 2 tre8z*#uua 

I 

TA. , 6-7 (Sheet 4 of 6) ' 
cn 
i ENGINE SEQUENCE . 
P 
cn 

CONTROL EVENTS ACTUAL TIME 

NOMINAL TIME FROM 

Within 10 m s  of KO013 

(KO=) ~ c t b a l  number from acceptance f i r i n g  event  r eco rde r .  



TABLE 6-7 (Sheet 5 of 6) 
ENGINE SEQUENCE 

'EVENT AND COmENT EVENT AND COMMENT 

r CONTROL EVENTS CONTINGENT EVENTS 

Main Oxid izer  Valve 
(G0507) Closed P/U I I 
KO118 
(G0506) 

Gas Glenerator Valve 
(G0509) Closed P/U I 1 

Main Fuel  Valve Open 
D / O  

KO119 Main Fuel  Valve Closed I (G0506) 1 
*Mainstage P r e s s  Switch 

(K0572) A Depress P/U I i 
Mainstage P r e s s  Switch 
B Depress P/U 

) Mainstage OK D/0 

/ KO007 / Helium Control  Solenoid . I  I 

I ACTUAL TIME 

(KO5311 

NOMINAL TIME FROM I (ms )I 

Enrg D / O  

SPECIFIED REFERENCE 

90 t 2 5  m s  from KO006 

120 4-15 m s  from KO120 - 

500 m s  from KO006 

225 - i-25 m s  from KO118 

1,000 2110 m s  from 
KO013 

*Signal drops ou t  when p r e s s u r e  reaches 425 225 p s i g  

(KOXXX) Actual  number from acceptance f i r i n g  event  recorder .  







T I E  FROM SIMULATED LIFTOFF (SEC) 

Figure 6-2.. Thrust Chamber Chilldown 



0 1000 2000 3000 4000 5000 6000 7000 8000 9000 

DISCHARGE FLOW (GPM) 

Figure 6-3. LH2 Pump Performance During Engine S t a r t  



Y RE PRESSURE (D0534) 

v, 1500 
(II 

: 
a 

1000 

500 

0 

2.51 I I I I I I 

n 
TOTAL M ~ S S  IN ENGINE COMROL SPHERE (CALCULATED) 

3 2.0 
V - S L, 

1.5- 
. // 

r: / ENGINE START cC~WAVD -4 

600 I I 1 I I I 
ENGINE START SPHERE TEM'ERATURE (C0649) 

I i l  1 /--- START SPHERE PRESSURIZATION GN . I 0 
-1000 -800 -600 -400 -200 0 200 400 600 800 

TIME FROM SIMULATED LIFTOFF (SEC) T I M  FROM SIMULATED LIFTOFF (SEC) 

F i g u r e  6-4. Engine S t a r t  and Con t ro l  Sphere  Performance 



-- 

ENG 1NE START REQUIREMENT 

EM;INE START C@WND 

AFTER START SPHERE BLOWWkiN 

ENGINE CUTOFF 

TOTAL GH2 USAGE DURIG  START 

TEMPERATURE (OR)  I PRESSURE (PSIA) 

SEE START REGION SEE START REGION I 

:: FOR S-IVB-209 ACCEPTANCE THE START SPHERE WAS W T  RECHARGED. SEE PARAGRAPIi 6.1.4. 

TEMPERATURE (OR) 

F i g u r e  6-5. Engine S t a r t  Sphere Performance 



1 
1 Figure 6-6. 5-2  Engine Chamber Pressure 
i 
1 
1 
1 
4 

i 



TIME FROM ENGINE START C M N D  (SEC) 

J 

Figure 6-7. 5-2 Eng ine  Injector Supply C o n d i t i o n s  



TIME FROM ENGINE START CWMAND (SEC) 

I 
I F i g u r e  6-8. LOX and L H 2  F lowra te  





Figure 6-10. T u r b i n e  I n l e t  O p e r a t i n g  C o n d i t i o n s  





TIME FRW E N I N E  START CWH4ND (SEC) 

F i gu re  6-12. Eng ine  Steady-State  Performance (Sheet 1 o f  3) 



Figure 6-12. Engine Steady-State Performance (Sheet 2 of 3 )  



Figure 6-12. Engine Steady-State Performance (Sheet 3 of 3)  



Figure 6-13. Specific Impulse versus Mixture Ratio 



Figure 6-14. Total Accumulated Impulse After Engine Start Command 



TIM FRCH E K I N E  START C @ - ? * M J  (SEC) 

Figure 6-15. Engine S ta r t  Transient Characteristics 



TIME FROM ENGINE START C O W N D  (SEC) 

4 

Figure 6-16. Thrust Va r i a t i ons  (Shee t  1 o f  3)  



TIME FROM ENGINE START COWND (SEC) 

- -  - 

Figure 6-16. Thrust Variations (Sheet 2 o f  3) 



TIME FROM ENGINE START COtnMAND (SEC) 

Figure 6-16. Thrust Variations (Sheet 3 o f  3)  



F igu re  6-17. T o t a l  Accumulated Impulse A f te r  Engine C u t o f f  Command 



TIME FROM ENGINE CUTOFF COMMAND (SEC) 

Figure 6-18. Engine Cutoff Transient Characteristics (sheet 1 o f  2) 



, TIME FRCM EWINE CUTOFF CWBWKD (SEC) 

Figure 5-18. Engine Cutoff Transient Characteristics (Sheet 2 of 2)  



EVENTS . 
IGNITION PHASE 

ENGINE START COMMAND P/U 
H E L I U M  CONTROL SOLENOID ENERGIZE P/U 
THRUST CHAMBER SPARK ON P/U 
GAS GENFRATOR SPARK ON P/U 
IGNITION PHASE CONT SOLENOID ENERG P/U 
ENGINE READY D/O 
AS1 L O X  V A L V E  OPEN P/U 
L O X  B L E E D  V A L V E  CLOSED P /U  
L H 2  B L E E D  V A L V E  CLOSED P/U 
MAlN F U E L  V A L V E  CLOSED D/O 
MAIN F U E L  V A L V E  OPEN P/U 
IGNITION D E T E C T E D  
ENGINE START COMMAND D/O 

PUMP SPIN PHASE 
START T A N K  DlSCH CONT SOLENOID ENERG P/U 
START T A N K  DISCHARGE V A L V E  CLOSED D/O 
START T A N K  DISCHARGE V A L V E  OPEN P/U 

MAINSTAGE PHASE 
I f i l N S T A G E  CONTROL SOLENOID ENERGIZE P/U 
START T A N K  DlSCH CONT SOLENOID ENERG D/O 
MAlN  L O X  V A L V E  CLOSED D l 0  
GAS GENERATOR V A L V E  CLOSED D/O 
START T A N K  DISCHARGE V A L V E  OPEN 010 
GAS GENERATOR V A L V E  OPEN P/U 
L O X  TURBINE BYPASS V A L V E  OPEN D/O 
START TANK DISCHARGE V A L V E  CLOSED P/U 
L O X  TURBINE BYPASS V A L V E  CLOSED P/U 
MAINSTAGE PRESS. TWITCH NO. 1 PRESS. P/U 
It lAINSTAGE PRESS. SWITCH NO. 2 PRESS. P/U 
MAINSTAGE OK P/U 
FAIN L O X  V A L V E  OPEN P/U 
THRUST CHAMBER SPARK ON D/O 
GAS GENERATOR SPARK ON D/O 

TIME FROM ENGINE START C O W D  (SEC) 

F igu re  6-19. Engine S t a r t  Sequence 







e 7. OXIDIZER SYSTEM - 
Due t o  a  m a l f u n c t i o n  of t h e  LOX tank  p r e s s u r i z a t i o n  rontrol .moduLej  LOX 

NPSH f e l l  below t h e  minimum a c c e p t a b l e  l e v e l  f o r  a  20-sec p e r i o d  s h o r t l y  

a f t e r  Engine S t a r t  Command; however, t h e r e  were no  d e t r i m e n t a l  e f f e c t s  t o  

t h e  5-2 e n g i n e  o r  t o  t h e  remainder  of t h e  accep tance  f i r i n g .  With t h e  

e x c e p t i o n  o f  t h e  above anomaly, t h e  o x i d i z e r  sys tem performance was 

a c c e p t a b l e .  

7 .1  P r e s s u r i z a t i o n  C o n t r o l  

The LOX t a n k  p r e s s u r i z a t i o n  system ( f i g u r e  7-1) p rov ided  u l l a g e  p r e s s u r e  

i n  t h e  t a n k  s u f f i c i e n t  t o  s a t i s f a c t o r i l y  complete t h e  a c c e p t a n c e  f i r i n g ;  

however, a s e v e r e ,  though temporary,  anomaly w i t h i n  t h e  LOX t a n k  p r e s -  

s u r i z a t i o n  c o n t r o l  module caused t h e  u l l a g e  p r e s s u r e  t o  drop t o  a  low 

of 29.1 p s i a  a t  ESC i-27 s e c .  As a r e s u l t ,  t h e  e n g i n e  pump NPSH dropped 

t o  18 .1  p s i ,  2.8 p s i  below t h e  r e q u i r e d  minimum. The low u l l a g e  p r e s -  

s u r e  a l s o  caused a common bulkhead n e g a t i v e  d i f f e r e n t i a l  p r e s s u r e  

( r e f e r  t o  pa ragraph  1 5 . 4 ) .  I n  s p i t e  of t h e s e  c o n d i t i o n s ,  no d e t r i m e n t a l  

8 e f f e c t s  were n o t e d ,  t h e  u l l a g e  p r e s s u r e  recovered ,  and t h e  f i r i n g  con- 

t i n u e d  t o  a normal c u t o f f .  

7.1.1 P r e p r e s s u r i z a t i o n  

The LOX t a n k  p r e p r e s s u r i z a t i o n  and p r e s s u r e  makeup c y c l e s  b e f o r e  s i m u l a t e d  

l i f t o f f  were  accomplished from ground suppor t  equipment c o n s o l e  "B" c o l d  

hel ium supply  ( f i g u r e  7-2). Helium purges  of t h e  v e n t  v a l v e  and t h e  LOX 

. t a n k  u l l a g e  p r e s s u r e  s e n s i n g  l i n e  i n c r e a s e d  t h e  u l l a g e  p r e s s u r e  t o  t h e  ' 

v e n t  r e l i e f  s e t t i n g  t w i c e ,  j u s t  p r i o r  t o  s i m u l a t e d  l i f t o f f  and imme- 

d i a t e l y  a f t e r  s i m u l a t e d  l i f t o f f .  I n  o r d e r  t o  p r o t e c t  t h e  r e u s a b l e  

i g n i t i o n  d e t e c t i o n  p robe ,  t h e  LOX t a n k  was ven ted  t o  38.3 p s i a  p r i o r  t o  

Engine S t a r t  Command. Tab le  7-1 compares s i g n i f i c a n t  LOX t a n k  pre-  

p r e s s u r i z a t i o n  d a t a  from two p r e v i o u s  accep tance  f i r i n g s .  

The LOX t a n k  p r e s s u r i z a t i o n  system performance i n  m a i n t a i n i n g  t h e  u l l a g e  

p r e s s u r e  a t  t h e - p r o p e r  l e v e l  was inadequa te .  During t h e  s t a r t  t r a n s i e n t ,  



t h e  u l l a g e  p r e s s u r e  dropped t o  29.1 p s i a  ( a s  compared t o  t h e  p r e d i c t e d  

minimum of 34.8 p s i a )  t ~ f o r e  r e c o v e r i n g  t o  a v a l u e  w i t h i n  t h e  normal 
0 

I band by ESC +60 s e c ;  however, p r e s s u r e  a f t e r  t h i s  t i m e  was as a n t i c i -  

p a t e d .  As p r e d i c t e d ,  a n  o v e r c o n t r o l  c y c l e  was r e q u i r e d  f i v e  t imes  t o  

m a i n t a i n  t h e  u l l a g e  p r e s s u r e  w i t h i n  t h e  range  o f  39.6 t o  37.6 p s i a  

d u r i n g  t h e  f i r i n g .  

Except  f o r  t h e  p e r i o d  d u r i n g  t h e  no ted  mal func t ion ,  t h e  LOX t a n k  p r e s -  

s u r i z a t i o n  sys tem o p e r a t i o n  was nominal ( f i g u r e  7-3) and compared w e l l  

w i t h  t h a t  o f  t h e  S-IVB-207 and 208 s t a g e  sys tems.  T a b l e  7-2 compares 

t h e  S-IVB-209 s t a g e  p r e s s u r i z a t i o n  sys tem d a t a  w i t h  t h a t  from p r e v i o u s  

a c c e p t a n c e  f i r i n g s .  

The c a u s e  of t h e  d i p  i n  u l l a g e  p r e s s u r e  was a n  anomaly i n  t h e  LOX t a n k  

p r e s s u r i z a t i o n  c o n t r o l  module d u r i n g  t h e  i n i t i a l  ch i l ldown of  t h e  sys tem.  

The plenum d i s c h a r g e  p r e s s u r e  (D0105) dropped t o  a low of  218 p s i a  

d u r i n g  t h i s  p e r i o d  as opposed t o  a nominal minimum of  300 p s i a .  

( ~ i g u r e  7-4 p r e s e n t s  a  comparison o f  S-IVB-209 d a t a  w i t h  t h a t  from f i v e  

p r e v i o u s  s t a g e s  f o r  t h e  f i r s t  100 s e c  o f  f i r i n g . )  The p r e s s u r e  t h e n  r e -  

covered b u t  remained below s p e c i f i c a t i o n  u n t i l  t h e  f i n a l  o v e r c o n t r o l  

c y c l e  s t a r t e d .  At t h i s  t i m e  t h e  r e g u l a t o r  o u t l e t  p r e s s u r e  i n c r e a s e d  

and s t a y e d  w i t h i n  t h e  s p e c i f i c a t i o n  range  u n t i l  n e a r  c u t o f f ,  when t h e  

s u p p l y  p r e s s u r e  caused i t  t o  f a l l  below s p e c i f i c a t i o n .  The plenum d i s -  

c h a r g e  p r e s s u r e  h a s  remained below s p e c i f i c a t i o n  l e v e l s  th rough  most 

of p r e v i o u s  a c c e p t a n c e  f i r i n g s .  T h i s  o c c u r s  because  t h e  r e g u l a t o r ,  which 

. i s  f l o w - s e n s i t i v e ,  i s  c a l i b r a t e d  a t  a f l o w r a t e  lower  t h a n  t h a t  used d u r i n g  

t h e  accep tance  f i r i n g .  T h i s  w i l l  b e  c o r r e c t e d  on subsequen t  s t a g e s .  

The d a t a  i n d i c a t e d  t h a t  t h e  temporary drop i n  plenum p r e s s u r e  might have 

been caused by one o f  t h e  f o l l o w i n g  problems: 

-a.  Leakage between t h e  r e g u l a t o r  and t h e  plenum caused by 

d i f f e r e n t i a l  c o n t r a c t i o n  r a t e s  d u r i n g  ch i l ldown.  

b . .  F a i l u r e  of t h e  r e g u l a t o r  t o  r e g u l a t e  p r o p e r l y  d u r i n g  sys tem 

chi l ldown.  

c. I n t e r n a l  b lockage  i n  t h e  sys tem between t h e  r e g u l a t o r  and 

t h e  plenum. 



The p o s s i b i l i t y  of leakage was discounted a f t e r  i n i t i a l  c a l c u l a t i o n  

showed t h a t  a  leakage r a t e  i n  t he  o rde r  of 600 scfm would have been 

requi red .  This r a t e  i s  e n t i r e l y  too high t o  be reasonable.  
,/ 

A f t e r  the  f i r i n g ,  t he  module was removed from the s t a g e ,  inspec ted ,  and 

t e s t e d .  The t e s t i n g  ind ica t ed  t h a t  t he  r e g u l a t o r  would func t ion  normally 

when thoroughly c h i l l e d  b u t  tended t o  r e g u l a t e  t o  low plenum pressures  

whi le  being c h i l l e d .  The low plenum p res su re  during chilldown i s  

presumed t o  be due t o  choking i n  t h e  r e g u l a t o r  meter ing system, causing 

t h e  r e g u l a t o r  poppet t o  respond t o  metering system anomalies r a t h e r  than  

t h e  p re s su res  downstream of t he  poppet;  however, even though t h e r e  i s  a 

s t r o n g  i n d i c a t i o n  t h a t  t h i s  exp la ins  t h e  low plenum p res su re ,  t h i s  i s  n o t  

t h e  t o t a l  explana t ion  of the problem. 

When the  module was in spec t ed ,  t h e  No. 1 shutof f  va lve ,  t h e  shutof f  p i l o t  

s e a t ,  the module o u t l e t  f i l t e r ,  and some p a r t s  i n  t he  r e g u l a t o r  dome were 

r u s t e d ,  i n d i c a t i n g  t h a t  moisture had been p re sen t  i n  t h e  system. Also, 

t h r e e  of t he  s e p a r a t o r s  i n  t he  r e g u l a t o r  were f r a c t u r e d .  The exac t  p o i n t  

i n  time when the  moisture was introduced i n t o  the r e g u l a t o r  has no t  been 

determined. I f  the  moisture had been p re sen t  during t h e  acceptance 

f i r i n g ,  t he re  could have been an added p re s su re  Zrop due t o  moisture 

f r e e z i n g  on the  o u t l e t  f i l t e r .  

A t  t h e  present  time the  anomaly of t he  p r e s s u r i z a t i o n  module seems t o  

have a  double cause: t he  r e g u l a t o r  thermal choking and the  moisture 

c o l l e c t i n g  on the  o u t l e t  f i l t e r .  Addi t iona l  t e s t i n g  i s  p r e s e n t l y  be ing  

conducted t o  s u b s t a n t i a t e  these  presumptions. 

7.2 Cold Helium Supply 

A t  Sngine S t a r t  Command, the  s i x  cold helium spheres  contained a  t o t a l  

of 246 lbm of helium a t  3,043 p s i a  and 42.25 deg R. The condi t ions  of 

t h e  cold helium spheres  a t  s i g n i f i c a n t  times a r e  prese*ted i n  t a b l e  7-2. 

The temperature and p re s su re  p r o f i l e s  were normal and a re  shown i n  

f i g u r e  7-5. 

7.3 5-2 Heat Exchanger 

The 3-2 h e a t  exchanger funct ioned s a t i s f a c t c r i l y  and compared w e l l  wi th  

previous t e s t s  ( f i g u r e  7-6). A comparison of s i g n i f i c a n t  S-IVB-209 



s t a g e  h e a t  exchanger d a t a  w i t h  t h a t  from two p r e v i o u s  accep tance  f i r i n g s  p3 Lj 
i s  p r e s e n t e d  i n  t a b l e  7-3.  

7.4 LOX Pump Chilldown 

The LOX pump ch i l ldown sys tem performed adequa te ly .  A t  Engine S t a r t  

Command, t h e  NPSH a t  the'LOX pump i n l e t  was above t h e  minimum r e q u i r e d  

a t  t h a t  t ime.  The ch i l ldown sys tem d a t a  and t h e  r e s u l t s  of t h e  p e r f o r -  

mance c a l c u l a t i o n s  a r e  p r e s e n t e d  i n  f i g u r e s  7-7 and 7-8 and compared 

w i t h  p r e v i o u s  t e s t  d a t a  i n  t a b l e  7-4.  

The ch i l ldown pump was s t a r t e d  5 9 8  s e c  p r i o r  t o  s i m u l a t e d  l i f t o f f  i n  an 

a t t e m p t  t o  s i m u l a t e  t h e  RSC launch countdown sequence.  Subsequent  t o  t h e  

e s t a b l i s h m e n t  of t h i s  sequence,  it was determined t h a t ,  a t  KSC, ch i l ldown 

starts a t  approximately  l i f t o f f  minus 300  s e c .  T h i s  sequence w i l l  be  

r e f l e c t e d  i n  f u t u r e  STC t e s t i n g .  The chi l ldown s h u t o f f  v a l v e  was l e f t  

open u n t i l  T  +602.8 s e c  (approx imate ly  ECC -10 s e c ) ,  a l s o  i n  s i m u l a t i o n  
0 

of  t h e  f l i g h t  sequence.  

The h e a t  i n p u t  r a t e s  f o r  t h e  t h r e e  s e c t i o n s  of t h e  chi l ldown system were Q 
coniputed u s i n g  f l o w r a t e  and t empera tu re  d a t a .  The t h r e e  s e c t i o n s  a r e  

d e f i n e d  a s  f o l l o w s :  

a. Tank t o  turbopump i n l e t  

b. Pump i n l e t  t o  b l e e d  v a l v e  

c. Bleed v a l v e  t o  t a n k  i n l e t .  

These h e a t  i n p u t  r a t e s  d e c r e a s e d  r a p i d l y  a s  h e a t  was removed from t h e  
. hardware  d u r i n g  t h e  f i r s t  minute o f  ch i l ldown,  t h e n  remained ' r e l a t i v e l y  

c o n s t a n t  d u r i n g  t h e  subsequent  ch i l ldown p r o c e s s  ( f i g u r e  7 - 8 ) .  During 

s teady-s t a t e  p r e s s u r i z e d  ch i l ldown,  t h e  h e a t  i n p u t  r a t e s  were w i t h i n  t h e  

range  of t h o s e  o b t a i n e d  f o r  p r e v i o u s  accep tance  f i r i n g s  ( t a b l e  7 - 4 ) .  

The ch i l ldown pump f l o w r a t e  and d i f f e r e n t i a l  p r e s s u r e  a t  46.5 gpm and 

11.5 p s i d  were b o t h  somewhat h i g h e r  than t h e y  were on p r e v i o u s  f i r i n g s .  

T h i s  h i g h e r  f l ~ w r a t e  and consequen t ly  i n c r e a s e d  d i f f e r e n t i a l  p r e s s u r e  i s  

a t t r i b u t e d  t o  a  change i n  LOX ch i l ldown pump d e s i g n .  Th is  s t a g e  f s  t h e  

f i r s t  t o  u t i l i z e  a  pump w i t h  an improved inducer .  The high l e v e l  of 

d i f f e r e n t i a l  p r e s s u r e  measured'by D0219, however, i s  n o t  supported by 

t h e  remainder  o f  t h e  sys tem d a t a ;  i t  a p p e a r s  t o  b e  approx imate ly  20 per- 

c e n t  h i g h .  T h i s  d i s c r e p a n c y  h a s  been noted d u r i n g  p r e v i o u s  f i r i n g s ;  



however, no d e f i n i t e  xp l ana t ion  i s  p r e s e n t l y  a v a i l a b l e .  The s u b j e c t  

i s  under inves  t i g a t i o ~ i .  

7.5 Engine LOX Supply 

The LOX supply sys tem ( f i g u r e  7-9) d e l i v e r e d  t h e  necessary  q u a n t i t y  of 

LOX t o  t h e  eng ine  pump i n l e t  throughout t h e  engine f i r i n g  and maintained 

t h e  p r e s s u r e  and temperature  cond i t i ons  w i th in  t h e  s p e c i f i e d  range except  

f o r  a  20-sec p e r i o d  a f t e r  engine s t a r t .  During t h i s  t ime,  NPSH decreased 

t o  18.1 p s i ,  a s  opposed t o  t he  r e q u i r e d  20.9 p s i ;  however, no d e t r i m e n t a l  

e f f e c t s  were a t t r i b u t e d  t o  t h i s  occurrence.  

The cause of t h e  problem o r i g i n a t e d  i n  t he  LOX tank p r e s s u r i z a t i o n  system 

and i s  d i s cus sed  i n  paragraph 7.1.2. The d a t a  and c a l c u l a t e d  performance 

a r e  p re sen t ed  i n  f i g u r e  7-10. Table  7-5 compares S-IVB-209 s t a g e  d a t a  and 

c a l c u l a t e d  performance w i t h  t h a t  from two previous acceptance f i r i n g s .  

The LOX pump i n l e t  p r e s s u r e  and temperature  were p l o t t e d  i n  t h e  engine  LOX 

pump ope ra t i ng  r eg ion  ( f i g u r e  7-11) and showed t h a t  t h e  engine LOX pump 

i n l e t  cond i t i ons  were met s a t i s f a c t o r i l y  during most of t h e  engine  opera- 

t i o n .  I n  f i g u r e  7-12, t h e  pump i n l e t  temperature  i s  p l o t t e d  a g a i n s t  the 

mass remaining i n  t h e  LOX tank du r ing  engine ope ra t i on  and i s  compared t o  

t h e  S-IVB-208 and 503N acceptance f i r i n g  da t a .  These d a t a  have been 

b i a s e d  t o  an i d e n t i c a l  i n i t i a l  cond i t i on  t o  c o r r e c t  f o r  i n s t rumen ta t i on  

e r r o r ,  d i f f e r e n t  h e a t i n g  r a t e s  du r ing  p r e p r e s s u r i z a t i o n ,  and o t h e r  t e s t -  

t o - t e s t  v a r i a t i o n s .  It i s  apparent  t h a t  t h e  h e a t  t r a n s f e r  t o  t h e  LOX was 

very  s i m i l a r  t o  t h a t  no ted  on prev ious  s t a g e s .  

7.6 LOX Tank Vent and Re l i e f  Valve Performance 

The LOX tank  ven t  and r e l i e f  va lve  was t e s t e d  during CD 614084. The 

va lves  r e l i e v e d  a t  43.6, 43.5, and 43.4 p s i a ;  however, when t h e  t ank  

was allowed t o  s e l f - p r e s s u r i z e ,  u l l a g e  p re s su re  s t a b i l i z e d  a t  42.0 p s i a  

and, a f t e r  s e v e r a l  minutes a t  t h i s  l e v e l ,  t h e  vent  va lve  ta lkback  was 

rece ived .  I n  a d d i t i o n ,  t h e  va lve  r e l i e v e d  twice a t  42.1 p s i a ,  fol lowing 

p r e p r e s s u r i z a t i o n ,  The d i f f e r e n t  p r e s s u r e  ranges a r e  a t t r i b u t a b l e  t o  

t h e  r a t e  of u l l a g e  p r e s s u r e  r i s e ;  a u x i l i a r y  ground p r e s s u r i z a t i o n  wi th  a  

very  r a p i d  p r e s s u r e  r i s e  r a t e  i s  used dur i7g  t h e  vent  and r e l i e f  va lve  

t e s t  ve r sus  t h e  s l o w  r i s e  caused by s e l f - p r e s s u r i z a t i o n ,  

7-5 





TABLE 7-1 
LOX TANK PREPRESSLIIZATION DATA 

Prepressurization duration (sec) 

Number of makeup cycles 

Prepressurization flowrate (lbm/sec) 

Helium added to LOX tank 

During main prepressurization 
( lbm) 

During makeup cycles (lbm) 

Ullage pressure 

At prepressurization initiation 
(psis) 

At prepressurization termi- 
nation (psia) 

At Engine Start Command (psia) 

Events (sec from ESC) 

Prepressurization initiation 

Prepressurization termination 



TABLE 7-2 (Sheet 1 of 2) 

0 

S-IVB-209 

5 

37.6 
t o  
39.6 

38.3 

29.1 

0.39 
t o  
0.47 

0.41 
t o  
0.45 

0.28 
t o  
0.37 

0.29 
t o  
0.32 

246.4 

3,043 

42.2 

82.5 

163.9 

S-IVB-208 

6 

37.5 
t o  
39.5 

41.4 

34.25 

0.36 
t o  
0.44 

0.39 
t o  
0.47 

0.26 
t o  
0.32 

0.27 
t o  
0.32 

254 

3,046 

40.0 

100 

154 

DATA 
- 

S-IVB-207 

7 

37.43 
t o  
39.45 

41.9 

36.3 

0.35 
t o  
0.47 

0.42 
t o  
0.46 

0.265 
t o  
0.34 

0.29 
t o  
0.33 

254 

2,990 

39.7 

97 

15 7 

: 

L?X TANK PRESSURIZATION 
-- - 

PARAMETER 

Number of secondary flow i n t e r v a l s  

Control  p re s su re  swi t ch  range (ps i a )  

Ullage p re s su re  

A t  Engine S t a r t  Command (ps i a )  

Minumum dur ing  s t a r t  t r a n s i e n t  
( p s i 4  

LOX tank p r e s s u r i z a t i o n  t o t a l  
f lowra te  

During ove rcon t ro l  (lbmlsec) 

Predic ted  (lbm/sec) 

During undercont ror  (lbmlsec) 

P red ic t ed  ( lbmlsec)  

Cold helium sphere  cond i t i ons  

Mass i n  spheres  a t  engine 
s t  a r t  (lbm) 

P res su re  a t  engine s t a r t  ( p s i a )  

Average temperature a t  engine 
s t a r t  (deg R) 

Mass i n  spheres  a t  engine 
cu to f f  (lbm) 

Helium consumed during f i r i n g  
a s  c a l c u l a t e d  from sphere 
condi t ions  (lbm) 



TABLE 7-2 (Sheet 2 of 2) 
LOX TANK PRESSURIZATION DATA 



TASLE 7-3 
5-2 HEAT EXCHANGER DATA 

PARAMETER 

Flowrate  through h e a t  exchanger 

Duriag ove rcon t ro l  (lbmlsec) 

During undercont ro l  (lbmlsec) 

Heat exchanger i n l e t  temperature 

I During ove rcon t ro l  (deg R) 

During undercont ro l  (deg R) 

Heat exchanger o u t l e t  temperature* 

During ove rcon t ro l  (deg R) 

During undercont ro l  (deg R) 

Heat exchanger o u t l e t  p re s su re  

1 During ove rcon t ro l  (p s i a )  

During undercont ro l  (p s i a )  

Heat exchanger o u t l e t  temperature 
at Engine Cutoff Command (deg R) 

I Average LOX vent  i n l e t  p ressure  

During ove rcon t ro l  (p s i a )  

I During undercont ro l  (p s i a )  

4 

f *Estimated from measurement COO09 and uninsula ted  l i n e  temperature l o s s .  
i 

I 

1 
4 
I 
1 
1 1 I 

d 
I 



TABLE 7-4 (Sheet 1 of 2) 
LOX CHILLDOWN SYSTEM PERFORMANCE 



TABLE 7-4 (Sheet 2 of 2 )  
LOX CHILLDOWN SYSTEM PERFOBLANCE 

PARAMETER 

Events ( s ec  from T ) (Continued) 
0 

Prevalve c losed  s i g n a l  dropout 

Preva lve  open s i g n a l  pickup 

Delay between preva lve  open 
s i g n a l  and pickup of s i g n a l  

Chilldown shu to f f  va lve  
c losed  

P rep res su r i za t ion  

Engine S t a r t  Command 

Engine Cutoff Command 



TABLE 7-5 
LOX PUMP INLET CONDITIONS 





NOTE. 
(X) ITEM NUMBERS FROM 

PARTS LIST TABLE 3-1 

n 

GSE 

M L D  HECIUY 

SEE FIGWE 3 -1FOR 
LEGEND 

STAGE 

PURGE 

REGULATORBACKUP 
PU 465 iZC-15 PSlA 
DO 350 t20-15 PSlA 

LOX TANK PRESSURE 
CONTROLMOOULE 

EXCHAXCER EXCHANGER 

. . 
Figure 7-1. LOX Tank ~ressurization System 
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Figure 7-2. LOX Tank Prepressurization 
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Figure 7-4, LOX Pressurization Module Start Transient Pressure 



TIME FROM E K I N E  START C G T W D  (SEC) 

Figure 7 - 5 .  Cold He1 i u m  Supply 
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Figure 7-6. 5-2 Heat  Exchanger Performance 
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Figure  7-7. LOX Pump Chilldown System Operation 



FLOW COFf I !C ICtJT 
I.~L~SV;>E (PSID) NPSH (PSI> 

(~t~2/111.'f 1') 





6 I 

LOX FEED DUCT PRESSURE DROP (CALCULATED) 
I - I 

2 
:: 4 

I - 
u I I I 

TIME FROM ENSINE START CCI.Y*t4ND (SEC) TIME FROM ENGINE START CWWJD (SEC) 

Figure  7-10. LOX Pump Inlet  Condit ions 
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Figure 7-12. Effect  of LOX Mass Level on LOX P u n p  I n l e t  Teniperat~~re 





8. FUEL SYSTEM 

The f u e l  sys tem ? e r f s ~ n e d  a s  des igned  and s u p p l i e d  LH2 t o  t h e  e n g i n e  

w i t h i n  t h e  l i m i t s  d e f i n e d  i n  t h e  eng ine  s p e c i f i c a t i o n .  

8.1 P r e s s u r i z a t i o n  C o n t r o l  

The LH2 t a n k  p r e s s u r i z a t i o n  system ( f i g u r e  8-1) performed a d e q u a t e l y  and 

s a t i s f a c t o r i l y  c o n t r o l l e d  LH2 t a n k  u l l a g e  p r e s s u r e  th roughout  t h e  

f i r i n g .  

8 .1 .1  P r e p r e s s u r i z a t i o n  

The LH2 t a n k  was s a t i s f a c t o r i l y  p r e p r e s s u r i z e d  w i t h  he l ium from ground 

s u p p o r t  equipment c o n s o l e  "B." ' ~ a t a  a r e  p r e s e n t e d  i n  f i g u r e  8-2 and 

compared w i t h  S-IVB-207 and S-IVB-208 d a t a  i n  t a b l e  8-1. Between t h e  

end of p r e p r e s s u r i z a t i o n  and Engine S t a r t  Command (ESC) , t h e  u l l a g e  

t empera tu re  i n c r e a s e d  because  of ambient h e a t  i n p u t ,  c a u s i n g  t h e  u l l a g e  

i n c r e a s e  shoc~n i n  f i g u r e  8-2. 

8.1.2 P r e s s u r i z a t i o n  

During e n g i n e  o p e r a t i o n ,  LH2 t ank  p r e s s u r i z a t i o n  was s a t i s f a c t o r i l y  

accomplished by t h e  GH2 t a p o f f  sys tem ( f i g u r e  8-1). The d a t a  a r e  

p r e s e n t e d  i n  t a b l e  8-2 and f i g u r e  8-3 and show t h a t  a l l  measured 

paramete rs  were  w i t h i n  t h e  normal d i s p e r s i o n  range observed i n  p r e v i o u s  

t e s t s .  Two complete  o v e r c o n t r o l  c y c l e s  were accomplished b e f o r e  s t e p  

p r e s s u r i z a t i o n .  The LH2 t a n k  r e l i e f  v a l v e  c racked  open a t  

. ESC +442.7 s e c ,  d u r i n g  s t e p  p r e s s u r i z a t i o n ,  and c o n t i n u e d  r e l i e v i n g  

u n t i l  Engine Cutof f  Command (ECC). 

8.2 LH2 Pump Chilldown 

The LH2 pump ch i l ldown system performed s a t i s f a c t o r i l y ;  t h e  NPSH at 

Engine S t a r t  Command was w e l l  above t h e  r e q u i r e d  l e v e l .  The ch i l ldown 

system d a t a  and t h e  r e s u l t s  of t h e  performance c a l c u l a t i o n s  a r e  p r e s e n t e d  

i n  f i g u r e s  8-4 and 8-5 and compared w i t h  p r e v i o u s  t e s t  d a t a  i n  t a b l e  8-3. 

Examination of t h e  d a t a  d u r i n g  t h e  q u i e s c e n t  p e r i o d  b e f o r e  r e c i r c u l a t i o n  

was i n i t i a t e d  r e v e a l e d  t h a t  t h e  l i q u i d  i n  t h e  sys tem was s a t u r a t e d  a t  



t h a t  time. LH2 chi l -down f  l o w r a t e  (F0005) , LH2 ch i l ldown pump d i f f e r e n -  

t i a l  p r e s s u r e  l e t  p r e s s u r e  (D0536), LH2 pump i n l e t  

t empera tu re  (C0003), LH2 b l e e d  v a l v e  t empera tu re  (C0650), and LH2 r e t u r n  

l i n e  t e m p e r a t u r e  (C0161) were  b i a s e d  based  on known c o n d i t i o n s  a t  t h a t  

t ime.  

The t e s t  u t i l i z e d  t h e  a n t i c i p a t e d  f l i g h t  sequence,  w i t h  ch i l ldown 

i n i t i a t e d  a t  approx imate ly  T  -595 s e c  (pa ragraph  7.4) and t h e  ch i l ldown 
0  

s h u t o f f  v a l v e  open a f t e r  ch i l ldown t e r m i n a t i o n .  The v a l v e  was c l o s e d  a t  

approx imate ly  T +602.8 s e c .  Chil ldown system performance was nominal 
0 

and compared w e l l  w i t h  t h a t  of p r e v i o u s  s t a g e s ,  as i n d i c a t e d  i n  t a b l e  8-3. 

System f l o w r a t e s  and t e m p e r a t u r e s  were a t  t h e  l e v e l s  a n t i c i p a t e d .  During 

u n p r e s s u r i z e d  ch i l ldown,  t h e  l i q u i d  was subcooled  through t h e  sys tem t o  a  

p o i n t  between t h e  e n g i n e  pump i n l e t  and t h e  b l e e d  v a l v e ;  t h e  sys tem 

became e n t i r e l y  subcooled  d u r i n g  p r e p r e s s u r i z a t i o n ,  The h i g h  h e a t  l e a k  

c o n d i t i o n  t h a t  o c c u r r e d  on t h e  S-IVB-207 and S-IVB-208 s t a g e s  d i d  n o t  

re c u r .  

It s h o u l d  b e  n o t e d  t h a t  d u r i n g  t h e  pos t -accep tance  f i r i n g  t e s t s ,  t h e  LH2 

ch i l ldown d u c t  vacuum and t h e  LH2 upper  low p r e s s u r e  d u c t  vacuum exceeded 

1,000 microns.  No detr - imental  e f f e c t  was n o t e d  i n  t h e  ch i l ldown sys tem 

I performance;  b o t h  o f  t h e s e  d u c t s  were s u b s e q u e n t l y  r e p l a c e d .  
I 
I 

Because of t h e  problems d u r i n g  t h e  S-IVB-207 and S-IVB-208 s t a g e  accep- 
I 

1 t a n c e  f i r i n g s  and because  a v a i l a b l e  d a t a  were  i n a d e q u a t e  f o r  d e v e l o p i n g  
I 

1 a s a t i s f a c t o r y  e x p l a n a t i o n ,  a d d i t i o n a l  i n s t r u m e n t a t i o n  was i n s t a l l e d  on 
I t h e  S-IVB-209 s t a g e  and two s p e c i a l  ch i l ldown t e s t s  were  performed. ' 

I 

During t h e  p r e f i r i n g  p e r i o d  of CD 614084, t h e  c h i l l d o t m  o p e r a t i o n  was 

performed r e p e a t e d l y  w h i l e  t h e  f l o w r a t e  of t h e  ch i l ldown f a i r i n g  he l ium 

purge was v a r i e d .  A f t e r  t h e  accep tance  f i r i n g  had been completed,  

CD 614086 was initiated on 23 June.  During t h i s  t e s t ,  t h e  environment  

i n s i d e  t h e  ch i l ldown f a i r i n g  was v a r i e d  between he l ium and G N 2  and 

c o n t r o l l e d  w i t h i n  known l i m i t s .  

8.3 Engine LH2 Supply 

The eng ine  LH2 s u p p l y  sys tem ( f i g u r e  8-6) s a t i s f a c t o r i l y  s u p p l i e d  LH2 t o  



t h e  engine pump i n l e t  throughout engine opera t ion  anL maintained t h e  

p r e s s u r e  and temperature  w i t h i n  a  range t h a t  provided an NPSH above t h e  

minimum requirement.  The d a t a  and t h e  r e s u l t s  of t h e  performance calcu-  

l a t i o n s  a r e  presen ted  i n  f i g u r e  '8-7 and compared wi th  d a t a  from two 

previous acceptance f i r i n g s  i n  t a b l e  8-4. 

The LH2 pump i n l e t  p r e s s u r e  and temperature  were p l o t t e d  i n  t h e  engine 

ope ra t i ng  region ( f i g u r e  8-8) and showed t h a t  t h e  LH2 pump i n l e t  condi- 

t i o n s  were met s a t i s f a c t o r i l y  throughout t h e  f i r i n g .  F igure  8-9 i s  a  

p l o t  of t h e  pump i n l e t  temperature  versus  the mass remaining i n  t he  LH2 

tank during burn. It inc ludes  d a t a  from S-IVB-208 and S-IVB-503N 

acceptance f i r i n g s  b i a sed  t o  an i d e n t i c a l  i n i t i a l  cond i t i on  t o  c o r r e c t  

f o r  ins t rumenta t ion  e r r o r ,  d i f f e r e n t  h e a t i n g  r a t e s  dur ing  p rep re s su r i za -  

t i o n ,  and o t h e r  t e s t - t o - t e s t  v a r i a t i o n s .  The d a t a  from a l l  t h r e e  

f i r i n g s  agree c l o s e l y .  

8.4 LH2 Vent and Rel ie f  Valve Performance 

During the  vent  and r e l i e f  va lve  check during CD 614084, t he  LH2 vent  

and r e l i e f  va lve  r e l i e v e d  a t  38.0, 37.9, and 37.9 p s i a .  During t h e  

acceptance f i r i n g  (CD 614085), t he  va lve  f ea the red  open a t  37.7 p s i a .  





LH2 TANK PREPRESSURIZATION DATA 

P r e p r e s s u r i z a t i o n  d u r a t i o n  ( sec )  

Helium mass used d u r i n g  
p r e p r e s s u r i z a t i o n  (lbm) 

U l l a g e  p r e s s u r e  

At p r e p r e s s u r i z a t i o n  termina-  
t i o n  ( p s i a )  

At s i m u l a t e d  l i f t o f f  ( p s i a )  

At Engine S t a r t  Command 
( p s i 4  

R i s e  r a t e  a f t e r  p r e p r e s s u r i -  
z a t i o n  ( p s i l m i n )  

Even ts  ( s e c  from To) 

P r e p r e s s u r i z a t i o n  i n i t i a t i o n  

P r e p r e s s u r i z a t i o n  t e r m i n a t i o n  



TABLE 8-2 
LH; TANK PKES SURI ZATION DATA 



TABLE 8-3 (Shee t  1 of 2 )  
LH2 CHILLDOkTN SYSTEM PERFORI~LANCE 

At Engine S t a r t  Command 

Minimum r e q u i r e d  a t  Engine S t a r t  Command 

F u e l  q u a l i t y  ( s e c t i o n s  2 and 3--unpressur ized)  

Maximum ( l b  g a s / l b  mix ture )  

At  p r e p r e s s u r i z a t i o n  ( l b  g a s / l b  mix ture )  

Pump i n l e t  c o n d i t i o n s  a t  e n g i n e  s t a r t  

S t a t i c  . p r e s s u r e  ( p s i a )  

Temperature (deg R) 

Amount of s u b c o o l i n g  (deg R) 

S e c t i o n  1 ( t a n k  t o  pump i n l e t )  

S e c t i o n s  2 (pump i n l e t  t o  b l e e d  v a l v e )  
and 3 ( b l e e d  v a l v e  t o  t ank)  

Heat a b s o r p t i o n  r a t e - - p r e s s u r i z e d  (Btu /h r )  

S e c t i o n  1 

S e c t i o n  2 

Chilldown f l o w r a t e  (gpm) 

Unpressur ized  



TABLE 8-3 ( S h e e t  2 of  2) 

! 
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LhL CHILLDOWN SYSTEPf PERFOIUvL?PaCE 
-- 

PARAPETER S-IVB-206 S-IVB-209 

P r e s s u r e  drop ( p s i )  

Unpressur ized  

P r e s s u r i z e d  

Even t s  ( s e c  front To) 

Chil ldown s t a r t  

P r e v a l v e  c l o s e d  

P r e p r e s s u r i z a t i o n  

P r e v a l v e  Open Command 

Chil ldown pump o f f  

Chil ldown s h u t o f f  v a l v e  c l o s e d  

Engine S t a r t  Command 

---- 

9.4 

8 .0  

-305.1 

-3Oi. 8 

-110.1 

147.22 

150.2 

150.34 

150.77 

--- 

9.4 

8 . 0  

-595.1 

-591.1 

-110.7 

147 .6  

151.6  

602.8  

151.847 



ump i n l e t  c o n d i t i o n s  

S t a t i c  p r e s s u r e  ( p s i a )  

Temperature (deg  R) 

NPSH requ i rements  

At h i g h  EMR ( p s i )  

A f t e r  EPlR cu tback  ( p s i )  

NPSH a v a i l a b l e  

At Engine S t a r t  Command ( p s i )  

At Engine Cutof f  Command ( p s i )  

Time of minimum ( s e c  from ESC) 

Feed d u c t  a t  h i g h  EMR 

P r e s s u r e  drop ( p s i )  

Flowrate  ( lbm/sec)  

Feed d u c t  a f t e r  EMR cu tback  

, P r e s s u r e  drop ( p s i )  

F lowra te  ( lbm/sec)  





I 
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NOTE 
(X) ITEM IIUMSERS FRO&! 

PARTS LIST TABLE 3- 1 

SEE FIGURE 3-1 FOR 
LEGEND 

FRMl FROU 
ACTUATION ACTUATION 
C W T R O L  CMITROL 
MCOULE MWULE 

GROUND FILL 
AND PREPRES KZ'm 
PU 34 K I A  MAX "'- 
DO 31 PSlA Mlti 

FLIGHT CWTROL 
PU 29 5 PSIA MAX KMlZ - 
0 0  26.5 K I A  MIH Kffill 

PU 35 25 iO 75 PSlA K0519- 
00 32 PSlA MIN 

LH2 FILL 8 DRAIN 

9 
I 

Figure 8-1. L H 2  Tank Pressurization System 
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LH2 INJECTOR TEMPERATURE (C0646) 
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Fi  gure 8-3. LH2 Tank Pressurizat ion Sys tern Performarice 
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Figure 8-5, LH2 Pump Chi 1 ldown Characteristics 
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Figure 8-7. LH2 Pump I n l e t  Conditions 





X S-IVB-503 N ACCEPTAEKE FIRIW 

El S-1VB-208 ACCEPTANCE FIRING 
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Figure 8-9. Effec t  of LH2 Mass Level on LH2 Pump I n l e t  ~en jp~l ra tu re  





9. PNEUMATIC CONTROL AND PURGE SYSTEM 

The pneumat ic  c o n t r o l  and purge sys tem ( f i g u r e  9-1) performed s a t i s -  

f a c t o r i l y  th roughout  t h e  accep tance  f i r i n g .  The h e l i ~ m  supply  t o  t h e  
/ 

sys tem was adequa te  f o r  b o t h  pneumatic v a l v e  c o n t r o l  and p u r g i n g ;  t h e  

r e g u l a t e d  p r e s s u r e  w a s  main ta ined  w i t h i n  t h e  a c c e p t a b l e  l i m i t s  and a l l  

components f u n c t i o n e d  normal ly .  Because t h e  pneumat ic  s p h e r e  tempera- 

t u r e  t r a n s d u c e r  i s  n o t  i n s t a l l e d  on o p e r a t i o n a l  s t a g e s  such a s  S-IVB-209, 

mass and t empera tu re  d a t a  cannot  be  p r e s e n t e d .  The d a t a  t h a t  were 

o b t a i n e d  a r e  p r e s e n t e d  i n  f i g u r e  9-2. 

9.1 Pneumat ic  C o n t r o l  

With t h e  e x c e p t i o n  of t h e  LOX p r e v a l v e ,  a l l  e n g i n e  and s t a g e  pneumat ica l ly  

c o n t r o l l e d  v a l v e s  responded p r o p e r l y  th roughout  t h e  countdown and accep- 

t a n c e  f i r i n g .  The LOX p r e v a l v e  opening t ime was 3 .01 s e c ,  0 .01 s e c  

l o n g e r  t h a n  t h e  3 s e c  SIM- in te r rup t  t i m e  used on  p r e v i o u s  a c c e p t a n c e  

f i r i n g s .  During CD 614084 t h e  p r e v a l v e  opening t i m e  was observed t o  be  

2.85 s e c ;  t h e r e f o r e ,  f o r  CD 614085 t h e  SIM- in te r rup t  t ime was changed t o  

4 s e c .  P a r t  of t h i s  i n c r e a s e  o v e r  t h e  normal 2.2 t o  2.5 s e c  open ing  t ime  

i s  a t t r i b u t e d  t o  a  new c o n f i g u r a t i o n  of t h e  a c t u a t i o n  c o n t r o l  module. 

The p r e c i s e  causes  o f  t h e  problem, a s  w e l l  a s  r e m e d i a l  a c t i o n ,  a r e  

p r e s e n t l y  under  i n v e s t i g a t i o n .  

9.2 Ambient Helium Purges  

During t h e  accep tance  f i r i n g ,  a l l  s t a g e  purge f u n c t i o n s  t h a t  u t i l i z e  

. s t a g e  pneumat ics  were s a t i s f a c t o r i l y  accomplished,  The pneumatlc sys tem 

was i s o l a t e d  from t h e  ground s u p p o r t  equipment a t  T -3 s e c ,  t h u s  
0 

d i s c o n t i n u i n g  t h o s e  purges  t h a t  were f a c i l i t y  s u p p l i e d .  The f l o w r a t e s  

o f  t h e  v a r i o u s  purge  o r i f i c e s  a r e  l i s t e d  i n  t a b l e  3-2. 

The LOX ch i l ldown motor c o n t a i n e r  purge p r e s s u r e  was .main ta ined  w i t h i n  

t h e  d e s i g n  range th roughout  t h e  accep tance  f i r i n g .  The eng ine  pump 

purge r e g u l a t o r  p r e s s u r e  was i n i t i a l l y  thought  t o  be abnormal;  however, 

t h e  cause  was de te rmined  t o  be a  f a u l t y  t r a n s d u c e r  (D0050). 
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Figure 9-1. Pneumatic Control a n d  Purge System 
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0 10. PROPELLAVT UTILIZATION SYSTEM 

The p r o p e l l a n t  u t i l i z a t i o n  (PU) system performed as e ~ p e c t e d  d u r i n g  t h e  

accep tance  f i r i n g  and a l l  t e s t  o b j e c t i v e s  v e r e  s a t i s f a c t o r i l y  accom- 

p l i s h e d .  Th is  was t h e  f i r s t  SLIVB/IB s t a g e  t o  be  accep tance  f i r e d  w i t h  

t h e  common p r o p e l l a n t  l o a d  of 38,000 lbm LH2 and 193,273 lbrn LOX. T h i s  

w a s  a l s o  t h e  f i r s t  accep tance  f i r i n g  of t h e  reshaped LH2 mass s e n s o r .  

The f i n a l  i n d i c a t e d  LOX and LH2 masses loaded were 0.49 p e r c e n t  h i g h e r  

and 0.42 lower ,  r e s p e c t i v e l y ,  t h a n  t h e  a c t u a l  masses based  on t h e  f low 

i n t e g r a l  a n a l y s i s .  The PU sysEem o p e r a t e d  i n  t h e  c losed- loop mode 

th roughout  t h e  f i r i n g  w i t h  a  r e f e r e n c e  mix ture  r a t i o  (RMR) o f  4 .7 : l .  

PU v a l v e  cu tback  o c c u r r e d  a t  Engine S t a r t  Command (ESC) f 2 3 3  s e c  as 

compared t o  t h e  p r e d i c t e d  cu tback  t ime of ESC +265 s e c .  Based on 

e x t r a p o l a t i o n  from t h e  c o n d i t i o n s  a t  c u t o f f ,  d e p l e t i o n  would have 

o c c u r r e d  w i t h  215 lbm of  u s a b l e  LH2 on board a s  compared t o  a  guaran teed  

maximum f l i g h t  r e s i d u a l  of 575 lbm. 

The eng ine  t h r u s t  v a r i a t i o n s  were w e l l  w i t h i n  t h e  t h r u s t  v a r i a t i o n  l i m i t s  

d e r i v e d  f o r  t h e  CEI s p e c i f i c a t i o n .  No eng ine  perEormance s h i f t s  o c c u r r e d  

d u r i n g  RMR c o n t r o l  a t  4.7:l.O. Use of b o t h  reshaped LOX and LH2 s e n s o r s  

s i g n i f i c a n r l y  reduced sensor- induced t h r u s t  v a r i a t i o n s .  The mean t h r u s t  

s l o p e  d u r i n g  t h e  l a s t  70 s e c  of burn was one l b f / s e c  and t h e  t h r u s t  

v a r i a t i o n  band was 2490 l b f .  

The a c t u a l  PU v a l v e  h i s t o r y  e x h i b i t e d  a  more g r a d u a l  s l o p e  f o l l o w i n g  

cu tback  t h a n  t h e  p r e d i c t e d .  Th is  s l o p e  d e v i a t i o n ,  which a l s o  o c c u r r e d  

i n  t h e  S-IVB-503N accep tance  f i r i n g  d a t a ,  i s  i n d i c a t i v e  of a, g a i n  

d i f f e r e n c e  between t h e  a c t u a l  PU system and t h e  s i m u l a t i o n  model. The 

a c t u a l  PU sys tem g a i n  was approximately  3 db lower than t h e  p o s t f i r i n g  

s i m u l a t i o n .  I n v e s t i g a t i o n  of t e s t  d a t a  obzained d u r i n g  checkout of t h e  

PU e l e c t r o n i c s  assemb l y  f o r  t h e  S-IVB-209 accep tance  f i r i n g  r e v e a l e d  

1 . 7  db of t h e  d i f f e r e n c e .  

10.1  PU System C a l i b r a t i o n  

The nominal pre-acceptance mass s e n s o r  c a l i b r a t i o n  was determined from 

p r e v i o u s  t e s t  r e s u l t s .  The p r o p e l l a n t  masses a t  t h e  upper and lower 

c a l i b r a t i o n  p ~ i n t  were determ2ned from c a l s u l a t e d  unique t ank  volume da t ;  



! 
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and p r e d f  c t e d  p r o p e l l a n t  d e n s i t i e s .  The c a p a c i t a n c e  a t  t h e  lower p o i n t  

was determined from vendor ' s  s e n s o r  c a l i b r a t i o n  dab:. and £as  t d r a i n  d a t a  

from p r e v i o u s  accep tance  f i r i n g s .  The LOX s e n s o r  c a p a c i t a n c e  a t  t h e  upper 

c a l i b r a t i o n  p o i n t  was determined from t h e  S-IVB-209 vendor ' s  a i r  capac i -  

t a n c e  t e s t  and immersed LOX s e n s o r  d a t a  from t h e  S-IVB-207 s t a g e .  The 

LH2 s e n s o r  c a ~ a c i t a n c e  a t .  t h e  upper  c a l i b r a t i o n  p o i n t  was determined from 

t h e  S-IVB-503N immersion test  and S-IVB-209 vendor ' s  a i r  c a p a c i t a n c e .  The 

LOX and LH2 PU mass s e n s o r  c a l i b r a t i o n s  a r e  l i s t e d  i n  t h e  f o l l o w i n g  t a b l e  : 

PU Mass Sensor  Cap ( p f )  Mass (lbm) Locat i o n  

LOX 281.70 1 ,284  Bottom of I n n e r  Element 

413.05 196,224 Top of I n n e r  Element 

LH 2  970.18 2  14 Bottom of I n n e r  Element 

1,186.24 44,777 Top of I n n e r  Element 

10.2 P r o p e l l a n t  Loading 

P r o p e l l a n t  l o a d i n g  was accomplished a u t o m a t i c a l l y  by t h e  l o a d i n g  

computer. The f o l l o w i n g  i s  a  tabulation of t h e  d e s i r e d ,  i n d i c a t e d ,  and 

a c t u a l  f u l l  p r o p e l l a n t  loads  a t  ESC: 

P r o p e l l a n t  Load LOX (lbm) LH2 (lbm) 

D e s i r e d  f u l l  load  ( ~ r e d i c t e d )  193,273 38,000 

I n d i c a t e d  f u l l  load  (PU read ing)  193,203 38,061 

A c t u a l  f u l l  load  ( f low i n t e g r a l )  192,260 38,222 

, D i f f e r e n c e  ( i n d i c a t e d  l e s s  d e s i r e d )  -70 6  1 

D i f f e r e n c e  ( a c t u a l  l e s s  d e s i r e d )  -1,013 222 

D i f f e r e n c e  ( i n d i c a t e d  l e s s  a c t u a l )  9  43 - 16 1 

10.3  P r o p e l l a n t  Mass His  t o r y  

The f low i n t e g r a l  method was used t o  determine t h e  a c t u a l  p r o p e l l a n t  

f u l l  load  and mass h i s t o r y .  The r e s u l t s  of t h e  f low i n t e g r a l  method of 

mass d e t e r m i n a t i o n  w i l l  be used t o  r e c a l i b r a t e  t h e  PU system f o r  f l i g h t .  

The f low i n t e g r a l  method c o n s i s t s  of de te rmin ing  t h e  mass f l o ~ r r a t e s  of 

LOX and LH2 a n d - i n t e g r a t i n g  as a  f u n c t i o n  of t ime t o  o b t a i n  t o t a l  consumed 0 



mass d u r i n g  f i r i n g .  Flow i n t e g r a l  mass v a l u e s  a r e  hased on t h e  a n a l y s i s  

o f  e n g i n e  f lowmeter  d a t a ,  t h r u s t  chamber p r e s s u r e  a ~ d  tempera tu re  

d i f f e r e n t i a l s ,  e n g i n e  i n f l u e n c e  e q u a t i o n s ,  and eng ine  t a g  v a l u e s .  

The i n i t i a l  f u l l  l o a d  mass i s  de te rmined  by add ing  t h e  p r o p e l l a n t  

r e s i d u a l s  a t  e n g i n e  c u t o f f ,  t h e  f u e l  p r e s s u r a n t  added t o  t h e  u l l a g e  and 

t h e  p r o p e l l a n t  l o s t  t o  b b i l o f f ,  t o  t h e  t o t a l  mass consumed. R e s i d u a l  

mass v a l u e s  a t  e n g i n e  c u t o f f  a r e  based on t h e  b e s t  e s t i m a t e  method 

(paragraph  10 .4 ) .  The f o l l o w i n g  t a b u l a t i o n  p r e s e n t s  t h e  p r o p e l l a n t  mass 

h i s t o r y  f o r  s a l i e n t  t imes  d u r i n g  t h e  accep tance  f i r i n g :  

TIME 

Simula ted  L i f t o f f  (To) 
and Engine S t a r t  
Command 

PU Valve Cutback 
ESC +233 s e c  

Engine Cut o f f  Command 
ESC +458.841 s e c  

FLOW INTEGPAL CORRECTED PU SYSTEM( 1) 
MASS (lbm) I MASS (lbm) 

DEVIATION (211 
(lbrn) - 

LOX 

192,260 

87,262 

2 ,311  

NOTES: (1) T o t a l  mass i n  t ank  a s  determined by t h e  PU system 
c o r r e c t e d  f o r  n o n l i n e a r i t i e s .  

LOX 

928 

489 

' 1 3  

LOX 

193,188 

87,813 

2,324 

L,H2 

38,222 

19,154 

1 ,366 

(2)  D e v i a t i o n  of t h e  c o r r e c t e d  PU sys tem mass from t h e  
f l o w  i n t e g r a l  mass. 

LH2 

197 

-23 

25 

- 
LH 2 

38,419 

19,131 

1 ,391  

10.4  P r o p e l l a n t  Res idua l s  

P r o p e l l a n t  r e s i d u a l s  were computed a t  Engine Cutoff  Command u s i n g  b o t h  

t h e  PU mass s e n s o r  and t h e  r e s i d u a l  p o i n t  l e v e l  s e n s o r s .  Two l e v e l  

s e n s o r s  (LO005 and L0004) i n  t h e  LOX tank and one l e v e l  s e n s o r  (L0002) 

i n  t h e  LH2 t?nk  were a c t i v a t e d  d u r i n g  t h e  f i r i n g  and were used f o r  t h e  

r e s i d u a l  computat ions .  

The r e s i d u a l s  d e r i v e d  from t h e  p o i n t  l e v e l  s e n s o r s  were genera ted  u s i n g  

e n g i n e  consunp t i o n  d a t a  t o  e x t r a p o l a t e  from l e v e l  s e n s o r  a c t i v a t i o n  



t o  engine '  c u t o f f .  A s t a t i s t i c a l  average  r e s i d u a l  w,> computed f o r  t h e  

p o i n t  l e v e l  s e n s o r s  f o r  each  p r o p e l l a n t  tank.  The ~ i n a l  res . idua1 masses 

a t  eng ine  c u t o f f  a r e  t h e  b e s t  e s t i m a t e  r e s i d u a l s  genera ted  by weighted 

a v e r a g i n g  t h e  l e v e l  s e n s o r  and PU mass r e s i d u a l s .  

The f o l l o w i n g  t a b l e  p r e s e n t s  t h e  p r o p e l l a n t  r e s i d u a l s  determined by t h e  

PU mass s e n s o r  and t h e  r e s i d u a l  p o i n t  l e v e l  s e n s o r s  a t  eng ine  c u t o f f :  

* Leve l  s e n s o r  LG004 a c t i v a t e d  immediately a f t e r  eng ine  c u t o f f .  R e s i d u a l  
f o r  t h i s  s e n s o r  was computed by add ing  t h e  eng ine  p r o p e l l a n t  consumption 

. d u r i n g  t h e  c u t o f f  t r a n s i e n t  t o  t h e  l e v e l  s e n s o r  computed mass; 

LEVEL SENSOR 
(ACTIVATION TIME) 

LO005 
(ESC +437.58 s e c )  

L0004* 
(ESC +459.50 s e c )  

LO002 
(ESC +446.42 s e c )  

Engine Cutoff  
(ESC +458.84 s e c )  

B e s t  E s t i m a t e  
Residuals*** 

** S t a t i s t i c a l  average of l e v e l  s e n s o r  r e s i d u a l s .  

*** S t a t i s t i c a l l y  we igh ted  average of l e v e l  s e n s o r  and PU system r e s i d u a l s .  

10.5 PU System Response 

LOX ( lbm) 

The tank- to-sensor  mismatch f o r  t h e  LOX and LH2 mass s e n s o r  normal ized  t o  

t h e  s e n s o r  end p o i n t s  a r e  p r e s e n t e d  i n  f i g u r e s  10-1 and 10-2. Mismatch 

v a l u e s  a r e  p r e s e n t e d  i n c l u d i n g  and exc lud ing  manufactur ing n o n l i n e a r i t i e s  

f o r  comparison. The maximum LOX mass s e n s o r  e r r o r  was 475 lbm a t  

LH2 (lbm) 

PU 

VALUE 

9,930 

2,220 

2,324 
5320  

LEVEL SENSOR 
RESIDUAL 

(EXTRAPOLATED 
TO ECC) 

1,350 

1,3509:~ 
+5 9  - 

2,311 5185 

LEVEL 
SENSOR 

9,864 

2,199 

PU SYSTEM 
VALUE 

- 

2,253 

-1 ,391  
- +75 

1,366 246 

LEVEL SENSOR 
RESIDUAL 

(EXTRAPOLATED 
TO ECC)' 

2,249 

2,323 

2,305** 
- +226 

LEVEL 
SENSOR 

2,308 



63 52,000 lbm t o t a l  LOX i ~ a d  o r  approximately 0.25 pe rcen t  e r r o r  a t  the  
%d 

27 percent  l e v e l  of tbe  tank. . The maximum LH2 mass s enso r  e r r o r  was 

$80 lbm a t  the  14,000 lbm l e v e l  and -80 lbm a t  the  27,000 lbm l e v e l  of 

t o t a l  LH2 load o r  approximately 0.19 percent  e r r o r  a t  the  32 and 

63 percent  l e v e l s  of t h e  tank,  r e spec t ive ly .  

PU system va lve  cutback occurred a t  ESC C233 s e c ,  32 s e c  e a r l i e r  than t h e  

p r e d i c t e d  cutback time of ESC C265 s e c  ( f i g u r e  10-3). The PU va lve  pos i -  

t i o n  t r a c e  e x h i b i t e d  a  more gradual  s lope  fol lowing cutback than p red ic t ed  

and reached a  s t e a d y - s t a t e  p o s i t i o n  wi th  a  mean va lue  approximately 

2.5 deg lower than p red ic t ed .  The d i f f e r ence  between t h e  a c t u a l  and 

p red ic t ed  PU va lve  response fol lowing cutback was caused mainly by a  PU 

system c a l i b r a t i o n  d e v i a t i o n  and by PU system ga in  dev ia t ion .  The 

fo l lowing  t a b l e  summarizes the  dev ia t ions  between t h e  a c t u a l  and p r e d i c t e d  

PU va lve  p o s i t i o n  h i s t o r i e s  and t h e i r  sources.  

Cutback Time Valve P o s i t i o n  
Desc r ip t ion  

Deviat ion ( sec)  S h i f t  (deg) 

Loading computer dev ia t ions  -5.5 

Mass/capaci tance c a l i b r a t i o n  -14.5 
dev ia t ions  

Dif fe rence  between p r e d i c t e d  and C3.0 
a c t u a l  tank-to-sensor mismatch 
n o n l i n e a r i  t i e s  

PU sys  tem ga in  dev ia t ion  -3 db -10 +l. 0  - 
Tota l  -27.0. -4.0 . 

Considering the  above f a c t o r s ,  the predic ted  cutback time would decrease 

by 27 s e c  and t h e  mean l e v e l  of va lve  p o s i t i o n  a f t e r  t he  cutback t r a n s i e n t  

would be decreased by 4.0 deg. This provides s a t i s f a c t o r y  agreement 

between the  a c t u a l  va lve  response and the  pos t f  i r i n g  recons t r u c t i o n  as 

shown i n  f i g u r e  10-4. 
-- 

10.5.1 Loading Computer Deviat ions 

Loading computer dev ia t ions  a r e  the d i f f e r ence  be tween the PU s y s  tern 

i n d i c a t e d  loads a t  ESC and the  des i r ed  PU system ind ica t ed  loads a t  ESC. 
PI 
\% .3 



The l o a d i n g  d e v i a t i o n ,  were  -70 lbm LOX (-0.036 p e r c e n t )  and +61 lbm LH2 

(0.016 p e r c e n t ) .  The combined e f f e c t  of t h e s e  l o a d i n g  computer d e v i a t i o ~ s  

d e c r e a s e d  cu tback  t i m e  by 5 .5  s e c .  The mean l e v e l  of t h e  v a l v e  p o s i t i o n  

a £  t e r  cu tback  i s  n o t  a f f e c t e d  by t h e s e  l o a d i n g  computer d e v i a t i o n s .  

, 10.5.2 Mass/Capaci tance C a l i b r a t i o n  Devj-at i o n s  

C a l i b r a t i o n  d e v i a t i o n s  a t  ESC were 4-0.490 p e r c e n t  LOX and -0.421 p e r c e n t  

LH2 thus  c a u s i n g  t h e  i n i t i a l  LOX mass t o  b e  under- loaded and t h e  i n i . t i a 1  

I LH2 mass t o  be  over- loaded by t h e  above p e r c e n t a g e s .  C a l i b r a t i o n  dev ia -  

i t i o n s  a t  ECC were  -0.078 p e r c e n t  LOX and -0.097 p e r c e n t  LH2. The s l o p e  

d e v i a t i o n s  between ESC and ECC were +0.568 p e r c e n t  LOX and -0.324 p e r c e n t  

LH2. The d e s i r e d  r e f e r e n c e  m i x t u r e  r a t i o  f o r  t h e  S-IVB-209 

accep tance  f i r i n g  was 4.7: 1.0.  The b r i d g e - g a i n - r a t i o  (BGR) was t h e r e f o r e  

c a l i b r a t e d  a t  4.7:l.O. S i n c e  PU s e n s o r  c a l i b r a t i o n  d e v i a t i o n s  a l s o  

a f f e c t  t h e  BGR, t h e  a c t u a l  r a t i o  was 4.65:l .O. The c a l i b r a t i o n  d e v i a t i o n s  
i 
I d e c r e a s e d  cu tback  t i m e  by 14.5 s e c  and s h i f t e d  t h e  mean v a l u e  of v a l v e  

p o s i t i o n  by -3.3 deg. 

i The t o t a l  l o a d i n g  d e v i a t i o n s  i n c l u d i n g  c a l i b r a t i o n  and l o a d i n g  computer 
i 

d e v i a t i o n s  were -0.53 p e r c e n t  LOX and -0.581 p e r c e n t  LH2. 

10.5.3 D i f f e r e n c e  Between P r e d i c t e d  and A c t u a l  Tank-to-Sensor Mismatch 

The e f f e c t  of t h e  d i f f e r e n c e s  between t h e  average  of p r e v i o u s  a c c e p t a n c e  

f . f i r i n g  flow i n t e g r a l  tank- to-sensor  mismatch r e s u l t s  used f o r  t h e  
i 

i 
1 S-IVK-209 s t a g e  p r e d i c t i o n  and t h e  a c t u a l  f1o.i~ i n t e g r a l  tank- to-sensor  
i 
i '  . . mismatch i n c r e a s e d  cu tback  t ime by 3  s e c  and s h i f t e d  t h e  mean v a l v e  

1 
i p o s i t i o n  by 1 .7  deg.  

F i g u r e s  10-1 and 10-2 p r e s e n t  t h e  p r e d i c t e d  and a c t u a l  LOX and LH2 mis- 

match curves  normal ized  t o  t h e  s e n s o r  e x t r e m i t i e s .  Ac tua l  mismatch 
t v a l u e s  a r e  p l o t t e d  i n c l u d i n g  and e x c l u d i n g  s e n s o r  manufac tu r ing  non- I 
1 l i n e a r i t i e s .  Two p r e d i c t i o n s  a r e  p rov ided ,  one i s  f o r  t h e  measured 
1 
L , tank- to-sensor  mismatch based  on i n t e r n a l  t ank  measurements i n c l u d i n g  

manufactur ing n o n l i n e a r i t i e s  and t h e  o t h e r  i s  an average of p r e v i o u s  t e s t  

da;a exc lud ing  manufac tu r ing  n o n l i n e a r i t i e s .  The a c t u a l  mismatch curves  

a r e  based on t h e  conbined f low i n t e g r a l  computer program. 



10.5.4 PU Sys tem Gain D i f f e r e n c e  

The p o s t f i r i n g  r e c o n s t r u c t i o n  of t h e  PU v a l v e  h i s t o r y  was o b t a i n e d  from 

a c t u a l  accep tance  f i r i n g  d a t a  and i s  compared t o  t h e  a c t u a l  v a l v e  p r o f i l e  

i n  f i g u r e  10-3. This  r e s u l t e d  i n  a  reasonab ly  c l o s e  comparison between 

a c t u a l  and r e c o n s t r u c t e d  d a t a ;  however, t h e  a c t u a l  cu tback  o c c u r r e d  

1 5  s e c  e a r l i e r ,  t h e  PU v a l v e  cutback response  was s l o w e r ,  and t h e  mean 

v a l v e  p o s i t i o n  was s h i f t e d  -2.0 deg. The l a g  between v a l v e  cutback and 

t h r u s t  cutback was a l s o  l a r g e r  t h e n  p r e d i c t e d  (22 s e c  v s  16 s e c ) .  T h i s  

t ime  l a g  was caused by t h e  i n c r e a s e d  t ime  e x p e r i e n c e d  f o r  t h e  PU v a l v e  

t o  t r a v e l  through t h e  n o n l i n e a r i t y  g a i n  phase  (+32 t o  +15 deg) .  During 

c u t b a c k ,  t h r u s t  cu tback  i s  normal ly  observed a t  a  v a l v e  p o s i t i o n  of 

approx imate ly  +15 deg. The above f a c t o r s  i n d i c a t e  t h a t  t h e  S-IVB-209 

s t a g e  PU sys tem g a i n  was lower t h a n  t h e  PU sys tem s i m u l a t e d  g a i n .  The 

PU system s i m u l a t i o n  g a i n  r e d u c t i o n  r e q u i r e d  t o  r e c o n s t r u c t  t h e  a c t u a l  

v a l v e  cu tback  t r a n s i e n t  was 3 db. A r e c o n s t r u c t i o n  w i t h  t h e  g a i n  reduc- 

t i o n  i s  compared t o  t h e  a c t u a l  i n  f i g u r e  10-4. T h i s  g a i n  d i f f e r e n c e  

accounts  f o r  t h e  d e c r e a s e d  s l o p e  o f  t h e  v a l v e  cu tback  p r o f i l e ,  t h e  

i n c r e a s e d  l a g  between v a l v e  and t h r u s t  cu tback ,  1 0  s e c  of t h e  e a r l y  

c u t b a c k ,  and a mean v a l v e  p o s i t i o n  s h i f t  of  +1.0 deg.  

I n v e s t i g a t i o n  o f  i e s t  d a t a  o b t a i n e d  d u r i n g  checkout  of t h e  FU e l e c t r o n i c s  

assembly f o r  t h e  S-IVB-209 accep tance  f i r i n g  has  i s o l a t e d  1 .7  db of t h e  

d i f f e r e n c e .  Other  p o s s i b l e  s o u r c e s  of g a i n  r e d u c t i o n  a r e  p r e s e n t l y  b e i n g  

i n v e s t i g a t e d  and t h e  f l i g h t  PU model f o r  S-IVB-209 w i l l  r e f l e c t  t h e  

r e s u l t s  of t h i s  s t u d y .  

10.5.5 PU E f f i c i e n c y  

The c losed- loop PU e f f i c i e n c y  i s  determined by e x p r e s s i n g  t h e  u s a b l e  

r e s i d u a l  p r o p e l l a n t  a t  d e p l e t i o n  c u t o f f  a s  a  p e r c e n t a g e  of t h e  t o t a l  

p r o p e l l a n t  load .  LOX d e p l e t i o n  c u t o f f  would have o c c u r r e d  5.148 s e c  

a f t e r  t h e  a c t u a l  ECC. T o t a l  s t a g e  p r o p e l l a n t  consumption r a t e s  a t  E C C  

were 353.89 lbm/sec f o r  LOX and 74.966 lbrn/sec f o r  LH2. E x t r a p o l a t i n g  

t h e s e  f l o w r a t e s  t o  t h e  t h e o r e t i c a l  d e p l e t i o n  c u t o f f  r e s u l t s  i n  a u s a b l e  

LH2 r e s i d u a l  of 215 lbm and a  PU e f f i c i e n c y  of 99 .907 .  



10.5.6 T h r u s t  V a r i a t i o n s  -- 
The t h r u s t  v a r i a t i o n s  a f t e r  cutback were reduced dve t o  t h e  r e s h a p i n g  of 

t h e  LH2 p r o p e l l a n t  s e n s o r .  Th i s  was t h e  f i r s t  t e s t  of t h e  reshaped LH2 

p r o p e l l a n t  s e n s o r  combined w i t h  t h e  p r e v i o u s l y  accep tance  f i r e d  reshaped  

LOX s e n s o r .  The complete t h r u s t  p r o f i l e  i s  p r e s e n t e d  i n  f i g u r e  6-12 

and f i g u r e  6-16 shows expanded t h r u s t  p l o t s  of t h e  t h r e e  s i g n i f i c a n t  

~ f i c a t i o n .  phases  of f l i g h t  d e f i n e d  f o r  t h e  C o n t r a c t  End I t e m  (CEI) Spec' 

A t a b u l a t i o n  of t h e  a c t u a l  t h r u s t  v a r i a t i o n s  compared t o  t h e  CEI S p e c i f i -  

c a t i o n  l i m i t s  f o r  f l i g h t  a r e  p r e s e n t e d  i n  t a b l e  6-6. 

The t h r u s t  v a r i a t i o n s  a f t e r  cu tback  were w i t h i n  t h e  CEI t h r u s t  l i m i t s  

r e c e n t l y  e s t a b l i s h e d  f o r  t h e  S-IVB-209 CEI S p e c i f i c a t i o n .  The t h r u s t  

cu tback  t r a n s i e n t  was s l o w e r  t h a n  p r e d i c t e d  due t o  t h e  lower PU sys tem 

g a i n  (paragraph 10.5 .4) .  The mean s l o p e  d u r i n g  t h e  l a s t  70 s e c  o f  b u r n  

was 1 l b f / s e c  and t h e  maximum t h r u s t  v a r i a t i o n s  about  t h e  mean s l o p e  was 

+490 l b f .  The maximum r a t e  d u r i n g  t h i s  p e r i o d  was 87 l b f l s e c .  - 
There  was a  t h r u s t  t a i l u p  of 1 ,000  l b f  d u r i n g  t h e  l a s t  15 s e c  of b u r n  

cor responding  t o  a  PU v a l v e  t a i l u p  of 1 .5  deg. The S-IVB-209 s t a g e  

employing t h e  reshaped LH2 mass s e n s o r  e x h i b i t e d  a  s i g n i f i c a n t  r e d u c t i o n  

i n  t h r u s t  t a i l u p  from t h e  v a l u e s  e x p e r i e n c e d  on p r e v i o u s  s t a g e s ,  
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- 
Figu re  10-1 . LOX Tank-to-Sensor Mismatch Normal i zed t o  Sensor End P o i n t s  
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11. DATA ACQUISITION SYSIL?~  

The d a t a  a c q u i s i t i o n  s y s t e m  performed a s  des igned  by demons t ra t ing  t h e  

competency of a c q u i r i n g  s t a g e  i n f o r m a t i o n ,  c o n d i t i o n i n g  t h e  d a t a  s i g n a l s ,  

t r a n s l a t i n g  t h e s e  s i g n a l s  i n t o  p r o p e r  t e l e m e t r y  f o r m a t ,  and t r a n s m i t t i n g  

t h e  t e l e m e t r y  i n f o r m a t i o n  t o  a  ground s t a t i o n .  The measurements which 

comprise t h i s  s y s t e m  a r e  s p e c i f i e d  i n  Douglas Drawing No. 1B43562S, 

Instrwne?ztation Program and Components L is t  (IP&CL).  A measurement 

summary i s  p r e s e n t e d  i n  t h e  f o l l o w i n g  t a b l e :  

Measurement e f f i c i e n c y  98.86% 

T o t a l  number o f  measurements des igned  232 

T o t a l  number o f  measurements . d e l e t e d  5 7  
/ 

T o t a l  number o f  a c t i v e  measurements 1 5  7  

Measurement f a i l u r e s  2 

T o t a l  s u c c e s s f u l  measurements 173  

The d a t a  a c q u i s i t i o n  sys tem s a t i s f a c t o r i l y  accomplished i t s  accep tance  

f i r i n g  c r i t e r i o n  as s p e c i f i e d  by t h e  S-IVB-209 Stage Acceptaiice Firing 

Test Plan (DAC 47459A, as  amended). The system performed a s  e x p e c t e d ;  

no  sys tem m a l f u n c t i o n  \?as observed and t h e  syscem was f r e e  of r a d i o  

f requency i n t e r f e r e n c e  and was e l e c t r o m a g n e t i c a l l y  compat ib le  w i t h  o t h e r  

s t a g e  sys tems.  

11.1 I n s t r u m e n t a t i o n  System Performance - 
The i n s t r u m e n t a t i o n  sys tem performance was e x c e l l e n t  d u r i n g  t h e  accep tance  

' f i r i n g  w i t h  t h e  e x c e p t i o n  of two (2) p r e s s u r e  measurement d i s c r e p a n c i e s .  

The system performance i s  t a b u l a t e d  i n  t a b l e  11-1; s t a t u s  of t h e  i n a c t i v e  

measurements i s  shown i n  t a b l e  11-2. 

Two measurements f a i l e d  t o  e x h i b i t  v a l i d  d a t a  ( t a b l e  11-3):  DO050 - 

~ n g i n e  Pump Purge R e g u l a t o r  P r e s s u r e  d a t a  were i n v a l i d  a t  T +604 s e c  and 
0 

a t  T +612 s e c ;  DO054 - F u e l  Tank I n l e t  P r e s s u r e  was known t o  have a  
0 

bad t r a n s d u c s r  b e f o r e  t h e  f i r i n g .  No replacement  was made. 

Measurements DO183 and D0184, LH2 Tank Non-Prop Vent 1 and 2 ,  a r e  known 

RFI s u s c e p t i b l e  pa ramete rs  and gave t r e n d  d a t a  on ly .  



Bn e v a l u a t i o n  of accep tance  f i r i n g  d a t a  r e v e a l e d  t h a t  M0069, TIM A f t  

5 Vol t  r e f e r e n c e  e x h i b i t e d  approx imate ly  2. t o  4 p e r c e n t  i n t e r f e r e n c e  

ampl i tude  d u r i n g  c h i  l ldown i n v e r t e r  o p e r a t i o n .  The i r l t e r f e r e n c e  amp li- 
1 

t u d e  i s  n o t  e x i s t e n t  on t h i s  mcasurernent d u r i n g  t h e  t ime t h e  5  v o l t  

r e f e r e n c e s  w i l l  be used f o r  i n f l i g h t  c a l i b r a t i o n s .  

11.2  Telemetry System Performance 

The t e l e m e t r y  sys tem performance was good. There  was no l o s s  o f  sys tem 

s y n c h r o n i z a t i o n  and good d a t a  were r e c e i v e d  from a l l  channels .  DDAS 

hardware  (600 kc)  t o  DDAS open-loop (RF) comparison d i d  n o t  r e v e a l  any 

d a t a  d i s c r e p a n c i e s  ( t a b l e  11-4j.  

I n f l i g h t  TIM c a l i b r a t i o n  was observed a t  T  -3,569, To +92, and 
0  

To +1,298 s e c .  The T/M c a l i b r a t i o n  d u r i n g  t h e  o p e r a t i o n  o f  t h e  c h i l l d o w n  ' 

i n v e r t e r s  a t  T  +31 s e c  i n d i c a t e d  d a t a  p o i n t  d i s p e r s i o n s  of 213 b i t s  
0  

w i t h  p e r i o d i c  d ropouts  of 16 b i t s ;  however, t h e  T/M c a l i b r a t i o n ,  observed 

when t h e  c h i l l d o ~ a l  i n v e r t e r s  were o f f  a t  T  +1,298 s e c ,  showed maximum 
0  

d a t a  p o i n t  d i s p e r s i o n s  of o n l y  2 5  b i t s ,  which i s  w e l l  w i t h i n  t h e  r e q u i r e d  

t o l e r a n c e .  

11.3  RF System Performance 

No d i f f i c u l t i e s  were  encounte red  i n  t h e  performance of t h e  RF system. 

The RF power o u t p u t  a f t e r  c o r r e c t i n g  f o r  s i g n a l  c o n d i t i o n i n g  anomaly was 

19.5 W. The c o r r e c t i o n  i s  t o  compensate f o r  t h e  115 ohm s e r i e s  r e s i s t o r  

on t h e  o u t p u t  of t h e  v o l t a g e  g e n e r a t o r  which i s  used t o  c a l i b r a t e  t h e  low 

. g a i n  a m p l i f i e r  f o l l o w i n g  t h e  power d e t e c t o r .  The .VSb?R was c a l c u l a t e d  t o  

be  1 .43: l .  RF sys tem performance d a t a  a r e  p r e s e n t e d  i n  t h e  f o l l o w i n g  

t a b l e :  

RF Power A m p l i f i e r  Output  19.5 W 
(minimum a c c e p t a b l e  i s  12 W) 

Devia t ion  32 k c  

Ground S t a t i o n  S i g n a l  S t r e n g t h  (UV) 10 k 

R e f l e c t e d  Power 0 .6W . 

VSWR (maximum a c c e p t a b l e  i s  1 . 8  : 1 )  1.43: 1 



11.4 Electromagnet ic  Compatibi l i ty  

The d a t a  a c q u i s i t i o n  system d id  not  i n t e r f e r e  with o t h e r  s t a g e  systems 

i n  t he  a r eas  of e lec t romagnet ic  compa t ib i l i t y  ; however, t h e  s t r a i n  gage 

p re s su re  t ransducer  f o r  measurements D0183-409 and D0184-409 exh ib i t ed  

RFI s u s c e p t i b i l i t y  g iv ing  t rend  d a t a  only and measurement M0069-404 

showed no i se  dur ing  chilldown i n v e r t e r  opera t ion .  This  i n t e r f e r e n c e  

w i l l  no t  e x i s t  during t h e  time the  5  V re ference  w i l l  be  used f o r  

i n f l i g h t  c a l i b r a t i o n s .  

11.5 Emergency Detec t ion  System Measurements 

The LH2 and LOX tank u l l a g e  emergency d e t e c t i o n  system (EDS) p re s su re  

measurements performed s a t i s f a c t o r i l y .  The v a r i a t i o n  between the  LOX 

EDS measurements, which i s  w i th in  ins t rumenta t ion  to l e rance ,  was 

in t roduced  i n  t he  d a t a  reduct ion  process .  

11.6 Hardwire Data Acauis i t i o n  System Performance 

The ground ins t rumenta t ion  system (GIs) provides a  backup and d a t a  

comparison f o r  c e r t a i n  s t a g e  te lemet ry  system parameters  i n  a d d i t i o n  t o  

recording measurements from the  ground support  and f a c i l i t y  equipment. 

The GIs a l s o  provides s t r i p  c h a r t s  f o r  r e d l i n e  and cu to f f  parameter 

monitor ing.  The GIs performance during t h e  acceptance f i r i n g  was 

s a t i s f a c t o r y  . 
The fol lowing t a b l e  p re sen t s  t h e  type of record ing  equipment and the  

number of channels used during t h e  acceptance f i r i n g .  

Ground Recorder Channels Assigned 

Beckman 210 D i g i t a l  Data System 152 

Constant Bandwidth FM 6  7 

Wideband FM 7 

S t r i p  Charts  

T o t a l  263 

Table 11-5 p re sen t s  a  l i s t  of t he  var ious  types of-measurement d a t a  

recorded and t h e  performance of t h e  system. 



11.6 .1  Hardwire Measurement Disc repanc ies  - 
There  were t h r e e  measurement f a i l u r e s ,  y i e l d i n g  an o ~ e r a l l  'hardwire  

measurement e f f i c i e n c y  of 98.25 p e r c e n t .  The fo l lowing  measurements 

were  c l a s s i f i e d  as  f a i l u r e s  : 

No. Paramete r  Remarks 

DO516 P r e s s  LH2 Pump Discharge Ambient s h i f t e d .  
P r e s s  Transducer  was r e p l a c e d .  

P r e s  
S e a l  

s LOX Pump Primary 
C a v i t y  

Flow Eng LH2 AC Output 

5 t o  7 p e r c e n t  ambient h igh ;  
p i n  i n  s i g n a l  c o n d i t i o n i n g  
u n i t  pushed o u t .  Connec- 
t i o n  was r e p a i r e d  pos t f i r e .  

Off s c a l e  h igh .  S t a t i c  
t e s t  uncovered no prob- 
lems - d u a l  element p ick-  
up. F-2 - TIM measurement 
was OK. 



I 
NUMBER 

FUNCTION *"IGNED 
DELETED INACTIVE ACTIVE FAILED 

PER 
IP&CL 

T e m p e r a t u r e  45 11 3 31 0 

P r e s s u r e  58 2 2 - 2  34 0 

F l o w  4 0 0 4 0 

P o s i t i o n  8 0 0 8 0 

E v e n t s  68 5 ,  9 5 4 2 

L i q u i d  L e v e l  5 1 0 4 0 

V o l t ,  C u r r e n t ,  Freq. 29 0 0 29 0 

M i s c e l l a n e o u s  13 4 0 9 0 

S p e e d  2 0 0 2 0 

T o t a l s  2 3 2  4 3 1 4  1 7 5  2 



CO007-401 

coo50-401 

COi02-411 

CO! 03-411 

C0104-404 

COLO5-404 

C0166-414 

COl.67-415 

9 ) .  

TABLE 11-2 ( S h e e t  1 of  3) 
I--' 
P INACTIVE MEASUREMENTS 

I - 

Temp - Engine C o n t r o l  Helium 

Temp - Hydr Pump I n l e t  O i l  

Temp - Fwd B a t t e r y  1 

Temp - Fwd B a t t e r y  2 

Temp - A f t  B a t t e r y  1 

Temp - A f t  B a t t e r y  2 

Temp - He Sphere  Gas, Mod 1 (APS) 

REMARKS 

CS\ f 
MEAS UIEMENT 

NO, 

Temp - He Sphere  Gas, Mod 2 (APS) 

Temp - Oxid Tank O u t l e t ,  Mod 1 (APS) 

Temp - Oxid Tank O u t l e t ,  Mod 2 (APS) 

Temp - F u e l  Tank O u t l e t ,  Mod 1 (APS) 

Temp - F u e l  Tank O u t l e t ,  Mod 2 (APS) 

Temp - Fue l  I n j e c t i o n  

PARAMETER 

Temp - Fwd Batt No. 1 U n i t  No. 2 

P r e s s  - Hydrau l ic '  System 

Pres ' s  - ~ e s e r v o i r  O i l  

P r e s s  - Fue l  sply Man, Mod 1 (APS) 

P r e s s  - He Reg I n l e t ,  Mod 1 (APS) 

P r e s s  - He Reg Out , l e t ,  Mod 1 (APS) 

P r e s s  - Oxid Sp ly  Man, Mod 2 (APS) 

P r e s s  - Fue l  Sp ly  Man, Mod 2 ( U S )  

Open - Hardwire reqm' t  - T/M d i s c o n n e c t e d  

Open - Hardwire reqm' t  - T/M d i s c o n n e c t e d  

2tSimulated - Primary b a t t e r y  n o t  i n s t a l l e d  

>kSimulated - Primary b a t t e r y  n o t  i n s t a l l e d  

*Simulated - Primary b a t t e r y  n o t  i n s t a l l e d  

*Simulated - Primary b a t t e r y  n o t  i n s t a l l e d  

S imula ted  - APS n o t  i n s t a l l e d  

S imula ted  - APS n o t  i n s t a l l e d  

S imula ted  - APS n o t  i n s t a l l e d  

S imula ted  - AIDS n o t  i n s t a l l e d  

S imula ted  - APS n o t  i n s t a l l e d  

S imula ted  - APS n o t  i n s t a l l e d  

Open - Hardwire reqm' t  - T/M d i s c o n n e c t e d  

*Simulated - Pr imary  b a t t e r y  n o t  i n s t a l l e d  

No d a t a  - Hardwire r e q m ' t  - TIM d i s c o n n e c t e d  

No d a t a  - Hardwire reqm' t  - TIM d i s c o n n e c t e d  

S imula ted  - U S  n o t  i n s t a l l e d  

S imula ted  - APS n o t  i n s t a l l e d  

S imula ted  - APS n o t  i n s t a l l e d  

S imula ted  - APS n o t  i n s t a l l e d  

Si.mulated - APS n o t  i n s t a l l e d  

* B a t t e r y  s i m u l a t o r  h e a t e r s  have been d e l e t e d ;  t h e r e f o r e ,  o n l y  B a t t e r y  SIM Ambient was recorded .  
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I 

TABLE 11-2 (Shee t  3 of 3)  
INACTIVE MEASUREMENTS 

MEASUREMENT PARAMETER REMARKS 

Event - AS1 LOX Valves ,  OPEN No d a t a  - Computer reqm' t  

Event  - T/C LH2 I n j  Temp OK 

Event  - Gas Gen Valve,  CLOSED 

Evenc - Main LH2 Valve, CLOSED 

Event  - Main LOX Valve,  CLOSED 

Event - S t a r t  Tank Disch Valve,  CLOSED 

Event  - LOX Ble'ed Valve,  CLOSED 

Event  - LH2 Bleed Valve,  CLOSED 

Event  - Switch S e l e c t o r  

Leve l  - R e s e r v o i r  O i l  

Misc - Qty Oxid Tank, Mod 1 (APS) 

Misc - Qty Oxid Tank, Mod 2 (APS) 

Misc Qty Oxid Tank, Mod 1 (APS) 

No d a t a  - 5-2 Engine M o d i f i c a t i o n  

No d a t a  - Computer reqm' t  

No d a t a  - Computer reqm' t  

No d a t a  - Computer reqm' t  

No d a t a  - Computer reqm' t  

No d a t a  - Computer reqm' t  

No d a t a  - Computer reqm' t  

No d a t a  - Computer reqm' t  

S imula ted  - Hardwire reqm' t  

S imula ted  - APS n o t  i n s t a l l e d  

S imula ted  -- APS 'not  i n s t a l l e d  

S imula ted  - APS n o t  i n s t a l l e d  

NOU40-415 Misc - Qty Fue l  Tank, Mod 1 (APS) S imula ted  - APS n o t  i n s t a l l e d  
5 



MEASUREMENT 
'NO. 

TABLE 11-3 
MEASUREMENT DISCREPANCIES 

PARAMETER 
.- -. - 

P r e s s  - F u e l  Tank I n l e t  

P r e s s  - Eng Pump Purge  
R e g u l a t o r  

Th is  t r a n s d u c e r  mal func t ioned  p r i o r  t o  
s t a t i c  f i r i n g .  D i s p o s i t i o n e d  t o  r e -  
move and r e p l a c e  d u r i n g  p o s t f i r i n g  
checkout .  The RAC Cals r e a d  -0.123vdc 
and t h e  ambient v a l u e  r e a d  104 p s i a ,  
which i s  f u l l  s c a l e .  The t r a n s d u c e r  
has been r e j e c t e d  p e r  FARR A251588 (V) 
and A251583 ( D e t a i l ) .  

Data  became e r r a t i c  a t  T 4-604 s e c  and 
0  a t  T +612 s e e  d a t a  r e a d  -9.0 p s i a  o f f  

0  
s c a l e  low. P o s t f i r i n g  checkout  de- 
t e rmined  t h e  t r a n s d u c e r  wiper  was open 
c i r c u i t e d .  The t r a n s d u c e r  has  been 
r e j e c t e d  p e r  FARR A255206. 



TABLE 11-4 (Sheet  1 o f  2) 
v TELEMETRY TO HARDWIRE DATA COMPARISON (To +213 SEC) , 

I 
v 
0 

PARAMETER 

Temp - LH2 Pump I n l e t  

Temp .- LOX Pump I n l e t  

Temp - GN2 S t a r t  B o t t l e  

Temp - E l e c t  C o n t r o l  Assy. 

Temp - LOX Tank H e  I n l e t  

, T e m p  - LOX Pump Discharge  
I 

Temp - LH2 Pump Discharge  

. Temp - T h r u s t  Chamb J a c k e t  

Temp - Cold He Sphere  No. 4 

P r e s s  - T h r u s t  Chamber 

P r e s s  - LH2 Pump I n l e t  

P r e s s  - LOX Pump I n l e t  

P r e s s  - Main LH2 I n j e c t o r  

P r e s s  - LH2 Pump Discharge  

P r e s s  - LOX Pump Discharge  
. . 

P r e s s  - GG Chamber 

P r e s s  - Cold He Sphere  

P r e s s  - GH2 S t a r t  B o t t l e  

P r e s s  - Eng Reg O u t l e t  
I 

P r e s s  - Cont He Supply 
1 
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12. ELECTRICAL POWER AND C3NTROL SYSTEMS 

1 2 . 1  E l e c t r i c a l  C o n ~ r o l  System 

I The e l e c t r i c a l  c o n t r o l  sys tem performed s a t i s f a c t o r i 1 . y  as  v e r i f i e d  i n  

I t h e  sequence o f  e v e n t s  ( s e c t i o n  5 ) .  A l l  i n c r e m e n t a l  r esponse  t imes  t o  

s w i t c h  s e l e c c o r  comrna2ds were w i t h i n  t h e  d s s i g n  t o l e r a n c e s .  

12.1.1 5-2 Engine C o n t r o l  System - 

I A l l  e v e n t  measurements v e r i f i e d  t h a t  t h e  eng ine  c o n t r o l  sys tem had 

I responded p r o p e r l y  t o  t h e  e n g i n e  s t a r t  and c u t o f f  commands. The Engine 

I S t a r t  Command was g i v e n  by t h e  s w i t c h  s e l e c t o r  151.844 s e c  a f t e r  simu- 

l a t e d  l i f t o f f .  Engine c u t o f f  w a s . i n i t i a t e d  a t  610.862 s e c .  T o t a l  e n g i n e  

b u m  t ime was 459.018 s e c .  

The i g n i t i o n  d e t e c t i o n  s i g n a l  w a s  i n t e r m i t t e n t  d u r i n g  e n g i n e  burn and was 

due t o  f lame p a t t e r n  and probe. l o c a t i o n .  The eng ine  c u t o f f  s i g n a l  was 

non-programmed. The main LOX and LH2 v a l v e s  c l o s e d  a t  0.200 and 

I 0.310 s e c  r e s p e c t i v e l y  a f t e r  e n g i n e  c u t o f f .  The LOX and LH2 p r e v a l v e s  

c l o s e d  1.934 and 1.739 s e c  r e s p e c t i v e l y  a f t e r  eng ine  c u t o f f ,  as v e r i f i e d  

by t h e  d i g i t a l  e v e n t s  r e c o r d e r .  

12.1.2 S e c u r e  Range S a f e t y  Command System 

The s e c u r e  r a n g e  s a f e t y  command sys tem was t e s t e d  d u r i n g  t h e  eng ine  burn 

1 .  phase  t o  v e r i f y  t h e  c a p a b i l i t y  of eng ine  c u t o f f  and p r o p e l l a n t  d i s p e r s i o n .  

E v a l u a t i o n  of t h e  d a t a  showed t h a t  t h e  arm and eng ine  c u t o f f  and p rope l -  

.: l a n t  d i s p e r s i o n  commands were r e c e i v e d  and t h a t  . the EBW f i r i n g  u n i t s  

d i s c h a r g e d  i n t o  t h e i r  r e s p e c t i v e  p u l s e  s e n s o r s .  The f o l l o w i n g  measure- 

ments were e v a l u a t e d :  

Measurement 
No. Paramete r  

MOO30 R/S EBW F i r i n g  Uni t  No. 1 
- MOO31 R/S EBlJ F i r i n g '  Uni t  No. 2 - ' 

KO141 EBlJ No. 1 P u l s e  Sensor  I n d i c a t i o n  

KO142 EBW No. 2 P u l s e  Sensor  I n d i c a t i o n  

* (K0659) R/S No. 2 A r m  and Engine Cutoff  I n d i E a t i o n  

(K0660) R/S No. 1 A r m  and .Engine c u t o f f  I n d i c a t i o ~  

E 

f: Bardwire  measurements a r e  i n  f i a r e n t h e s i s .  



Measurement 
No. Paramete r  

* ( ~ 0 6 9 2 )  R/S No. 2  EBLI A m  and Engine Cutoff  I n d i c a t i o n  

(KO 6  9  3) R/S No. 1 EBW Arm and Engine Cutoff  I n d i c a t i o n  

NO05 7 R/S No. 1 Low Leve l  S i g n a l  S t r e n g t h  

NO062 RJS No. 2  Low Leve l  S i g n a l  S t r e n g t h  

The s e c u r e  range  s a f e t y  commands, r e c e i p t  of s i g n a l s  and f i r i n g  u n i t  

performance a r e  shown i n  f i g u r e  12-1. 

1 2 . 1 , 3  C o n t r o l  P r e s s u r e  Switches  

A review of t h e  e v e n t  and p r e s s u r e  measurements v e r i f i e d  t h a t  each  c o n t r o l  

i t e m  f u n c t i o n e d  p r o p e r l y .  Each p r e s s u r e  s w i t c h  and i t s  a s s o c i a t e d  

measurements were  e v a l u a t e d ,  L i s t e d  below a r e  t h o s e  measurements and a  

d e s c r i p t i o n  o f  t h e i r  performance.  

~ 0 1 0 5  Engine Pump Purge  C o n t r o l  R e g u l a t o r  Backup P r e s s u r e  Swi tch  - 
De-energized 

(K0566) Engine Pump Purge  C o n t r o l  Module S o l e n o i d  Valve - Energ ized  

KO050 Engine Pump Purge  R e g u l a t o r  P r e s s u r e  

The Engine Pump Purge C o n t r o l  Valve Enable ON and OFF Commands were g i v e n  

p r i o r  t o  eng ine  s t a r t .  The purge  o r i f i c e  s i z e  and low back p r e s s u r e  

r e s u l t e d  i n  a  purge  p r e s s u r e  b u i l d u p  of 96 p i s a  which was below t h e  
8 

a c t u a t i o n  of t h e  p r e s s u r e  s w i t c h  (105 - 130 p s i a ) .  

KO131 LOX Chil.ldovn Pump Purge P r e s s u r e  Switch - De-energized 

DO103 He P r e s s u r e  t o  LOX Pump Motor C o n t r o l  

(K0565) LOX Chilldown Pump Purge Cont ro l  Valve - Energized 

The LOX c h i l l d o w n  pump he l ium purge  r e g u l a t o r  backup p r e s s u r e  s w i t c h  I 
c o n t r o l l e d  t h e  LOX pump purge  c o n t r o l  va lve  d u r i n g  t h e  LOX Chilldown Purge 

C o n t r o l  Valve Cornnland t o  m a i n t a i n  a  r e g u l a t e d  49 t o  53 p s i a  purge  p r e s s u r e .  

KO156 LOX Tank R e g u l a t o r  Backup P r e s s  Switch - Energized 

(~05 '71)  Cold Helium S h u t o f f  Valves - Energized 

DO225 Cold Helium C o n t r o l  I n l e t  P r e s s u r e  

* Hardwire measurements a r e  i n  p a r e n t h e s i s .  

12-2 ' 

-- 



The measurements i n d i c a t e d  t h a t  t h e  c o l d  he l ium r e g u l a t o r  backup p r e s s u r e  

s w i t c h  was &-energ ized  d u r i n g  t h e  t e s t  and t h a t  , ' c  a c t u a t i o n  p r e s s u r e  

of 465 p s i a  was n e v e r  a t t a i n e d .  

D0177, DO178 Fue l  Tank Ul lage  EDS 1 and 2  P r e s s u r e s  

The LH2 tank  f l i g h t  c o n t r o l  p r e s s u r e  s w i t c h  enab led  t h e  LH2 p r e s s u r i z a -  

t i o n  c o n t r o l  module t o  m a i n t a i n  a  26.5 - 29.5 p s i a  p r e s s u r e  i n  t h e  LH2 

t a n k  d u r i n g  t h e  p e r i o d  t h a t  t h e  LH2 Tank P r e s s u r e  C o n t r o l  Switch Enable  

Cornnland was on. The u l l a g e  p r e s s u r e  n e v e r  dropped below 26.5 p s i a  a s  

v e r i f i e d  by measurements DO177 and D0178. At eng ine  s t a r t ,  t h e  p r e s s u r e  

was 30.4 p s i a .  

KO102 LOX P r e p r e s s  F l i g h t  swi tch '  - Energ ized  

D0179, DO180 LOX Tank Ullage EDS 1 and 2  P r e s s u r e s  

The LOX p r e p r e s s u r i z a t i o n  f l i g h t  c o n t r o l  p r e s s u r e  s w i t c h  c o n t r o l l e d  t h e  

h e a t  exchanger  bypass  v a l v e  d u r i n g  t h e  LOX Tank F l i g h t  P r e s s u r i z a t i o n  

Cornand t o  m a i n t a i n  37 t o  40.8 p s i a  r e g u l a t e d  p r e s s u r e  i n  t h e  LOX t a n k .  

12.1.4 Vent Valves 

The LOX and LH2 v e n t  v a l v e s  a r e  commanded OPEN and CLOSE by GSE, b y p a s s i n g  

t h e  s w i t c h  s e l e c t o r .  The v e n t  v a l v e s  responded t o  t h e s e  commands and 

o p e r a t e d  p r o p e r l y .  The GSE corr;tnands and t h e i r  corresponding measurements 

a r e  l i s t e d  below: 

*(K0576) F u e l  Tank Vent Valve Open - Energ ized  

KO001 (K0532) Fue l  Tank Vent Valve Closed 

KO017 (K0542) Fue l  Tank Vent Valve.Open 

(K0575) O x i d i z e r  Tank Vent Valve Open - Energ ized  

KO002 (K0533) o x i d i z e r  Tank Vent Valve Closed 

KO016 (K0543) O x i d i z e r  Tank Vent Valve Open 

KO113 LH2 Tank D i r e c t i o n a l  Vent Valve C - Closed 

KO114 LH2 Tank D i r e c t i o n a l  Vent Valve D - Closed 

(K0561) LH2 Tank Di . rect iona1 Vent Valve - Ground P o s i t i o n  

(K0562) LH2 Tank D i r e c t i o n a l  Vent Valve - I n - f l i g h t  P o s i t i o n  

P 

* Hardwire measurements a r e  i n  p a r e n t h e s i s .  



12.1.5 Chil ldown Shut.>LFf Valves  

These v a l v e s  were  n o t  c p e r a t e d  d u r i n g  t h e  a c c e p t a n c e  f i r i n g .  

12.1.6 F i l l  and D r a i n  Valves (LH2 and LOX) 

The f i l l  and d r a i n  v a l v e s  were  commanded CLOSED through t h e  u m b i l i c a l  

p r i o r  t o  s i m u l a t e d  l i f t o f f ,  and remained c l o s e d  th rough  t h e  a c c e p t a n c e  

f i r i n g .  A review of  t h e  f o l l o w i n g  measurements v e r i f i e d  t h a t  t h e  v a l v e s  

performed s a t i s f a c t o r i l y :  

KO003 *(K0554) F u e l  F i l l  and Dra in  Valve Closed 

KO004 (K0553) LOX F i l l  and Dra in  Valve Closed 

12.1 .7  D e p l e t i o n  S e n s o r s  

(K0597) LH2 D e p l e t i o n  Sensor  No. 1 - Wet 

(K0598) LH2 D e p l e t i o n  S e n s o r  No. 2  - Wet 

(K0599) LH2 D e p l e t i o n  Sensor  No. 3  - Wet 

(K0676) LH2 D e p l e t i o n  Sensor  No. 4 - Wet 

(K0601) LOX D e p l e t i o n  S e n s o r  No. 1 - Wet 

(K0602) LOX D e p l e t i o n  Sensor  No. 2  - Wet 

(K0603) LOX D e p l e t i o n  Sensor  No. 3 - Wet 

(K0604) LOX D e p l e t i o n  S e n s o r  No. 4  - Wet 

The measurements i n d i c a t e d  t h a t  a l l  d e p l e t i o n  s e n s o r s  performed a s  

expec ted  d u r i n g  t h e  a c c e p t a n c e  f i r i n g  and no m a l f u n c t i o n s  were observed .  

During LH2 l o a d i n g ,  LH2 s e n s o r  No. 1 i n d i c a t e d  d r y  t h r e e  t i m e s  a t  a p p r o x i -  

m a t e l y  31,  34 and o n c e  a t  approx imate ly  60 p e r c e n t  mass.  R e f e r  t o  P a r a -  

g raph  12.4 f o r  t h e  s p e c i a l  tes t  on  t h e  d e p l e t i o n  s e n s o r .  

12.2 APS E l e c t r i c a l  C o n t r o l  Sys tem 

The APS S i m u l a t o r  No. 188B was u t i l i z e d  t o  v e r i f y  t h e  eng ine  c o n t r o l  

f u n c t i o n s  of APS No. 1 and APS No. 2 d u r i n g  t h e  accep tance  f i r i n g .  

E x h i b i t s  of t h e  e n g i n e  f e e d  v a l v e s  v e r i f i e d  t h a t  t h e  e l e c t r i c a l  c o n t r o l  

sys tem o p e r a t e d  w i t h i n  i t s  p r e s c r i b e d  l i m i t a t i o n s .  

- 
* Hardwire measurements a r e  i n  p a r e n t h e s i s .  



L i s t e d  a r e  t h e  moni"s=ed r e s u l t s  : 

Measurement S p e c i f i e d  A c t u a l  
No. Func t i on Minimum Value Value 

KO132 APS Eng 1-111-3 3.2 vdc  4.2 vdc 
Feed Valves  Open 

KO133 APS Eng 1-2 3.2 vdc  4.2 vdc  
Feed Valves Open 

KO134 APS Eng 2-112-3 3.2 vdc  4.0 vdc  
Feed Valves Open 

KO135 APS Eng 2-2 3.2 vdc 4.0 vdc 
Feed Valves  Open 

The s p e c i f i e d  minimum v a l u e  o f  3 . 2  vdc  i n d i c a t e d  t h a t  a l l  o f  t h e  f e e d  

1 v a l v e s  were o p e r a t i n g .  

1 2 . 3  E l e c t r i c a l  Power Sys tem 

The e l e c t r i c a l  power sys tem performed s a t i s f a c t o r i l y  th roughout  t h e  

accep tance  f i r i n g .  

The b a t t e r y  v o l t a g e ,  c u r r e n t ,  and b a t t e r y  s i m u l a t o r  t empera tu re  p r o f i l e s  

a r e  shown i n  f i g u r e s  12-2 through 12-4. 
I 

12.3 .1  S t a t i c  I n v e r t e r - C o n v e r t e r  

The s t a t i c  i n v e r t e r - c o n v e r t e r  o p e r a t e d  w i t h i n  i t s  r e q u i r e d  l i m i t s  d u r i n g  

t h e  f i r i n g .  I t s  a c t u a l  v a l u e s  a r e  shown i n  t h e  f o l l o w i n g  t a b l e :  

C h a r a c t e r i s  t i c s  Maximum ~ i n i m u m  Accep t a b l e  Limi ts  

Vol t  age  (vrms) 114.50 114.30 115.0 2 3 - 4 5  

Vo 1 t age (vdc) 5 . 0  5 .0  5 . 0  20.5  

Vo 1 t age (vdc) 21.8 21.7 21.0  i 1 . 5  
-1.0 

Frequency (cps )  400.5 400.7 400.0 2 6 . 0  

12.3.2 5-Volt  E x c i t a t i o n  Nodules 

The performance of t h e  fo rward  No. 1 and No, 2 ,  and a f t  5 -vo l t  e x c i t a t i o n  



modules was s a t i s f a c t o r y  d u r i n g  t h e  accep tance  f i r i n g .  The a c t u a l  v a l u e s  
8-l 

are l i s t e d  below: J 

C h a r a c t e r i s t i c s  Maximum Minimum Accep tab le  L i m i t s  -- 
A f t  Vol tage (vdc) 5.03 5.02 5.0 20.03 

Forward 1 Vol tage (vdc) 5.00 4.99 5.0 20.03 

Forward 2  Vol tage (vdc) 4.99 

12.3.3 Chilldown I n v e r t e r s  

The ch i l ldown i n v e r t e r s  performed s a t  i s  f a c t o r i l y  d u r i n g  t h e  accep tance  

f i r i n g .  

12 .4  S p e c i a l  Deple t ion  Sensor  T e s t  

During t h e  f i r s t  LH2 l o a d i n g ,  LH2 d e p l e t i o n  s e n s o r  No. 1 c y c l e d  one t ime  

f o r  28 m s  a t  t h e  30 p e r c e n t  l o a d i n g  l e v e l .  

On t h e  second LH2 l o a d i n g ,  t h e  same s e n s o r  cyc led  t h r e e  t imes  f o r  7 ,  1 2 ,  

and 9  m s  a t  31, 34 and t h e  60 p e r c e n t  l e v e l s ,  r e s p e c t i v e l y .  No o t h e r  

abnormal cyc1 .e~  were n o t e d  d u r i n g  t h e  remainder of t h e  t e s t .  The c y c l e s  

were  of such  s h o r t  d u r a t i o n  t h a t  t h e  s p e c i a l  t e s t ,  p r e p a r e d  f o r  use  i n  

c a s e  of d e p l e t i o n  s e n s o r  c y c l i n g ,  cou ld  n o t  be  implemented. 

1 A Simula ted  Wet Command was s e n t  t o  s e n s o r  No. 1 a t  t h e  5 p e r c e n t  l e v e l  

on t h e  t h i r d  load ing .  Th is  would d e f i n e  an open sys tem between s e n s o r  

and c o n t r o l  u n i t  i f  c y c l i n g  shou ld  occur .  No abnormal c y c l e s  o c c u r r e d  

f o r  t h e  remainder  of t h e  t e s t .  

1. During t h e  t h i r d  l o a d i n g ,  a  he l ium bubble  t e s t  was a t  approx i -  

1 mate ly  86 and 40 p e r c e n t  LH2 l e v e l  d u r i n g  de tank ing .  Helium was bubbled 

a t  a  r a t e  of 30 scfm f o r  2 min. The hel ium was i n j e c t e d  i n  t h e  low p r e s -  

, s u r e  d u c t  by way of t h e  eng ine  purge system. No abnormal d e p l e t i o n  
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HYDRAULIC SYSTEM - 

1 3 . 1  H y d r a u l i c  System Opera t ion  

I The h y d r a u l i c  sys tem t e s t  program was conducted d u r i n g  countdown 614085, 

1 d u r i n g  which t h e  e n g i n e  was s u c c e s s f u l l y  p o s i t i o n e d  and gimbaled. System 

I runn ing  t i m e  f o r  t h i s  test, from a u x i l i a r y  pump ON p r i o r  t o  s i m u l a t e d  

l i f t o f f  t o  a u x i l i a r y  pump OFF f o l l o w i n g  c u t o f f ,  was 1,316.5 s e c .  

I The gimbal program was i n i t i a t e d  a f t e r  t h e  eng ine  s t a r t  s i d e  l o a d s  sub- 

I s i d e d  and t h e  s u p p o r t  l i n k s  dropped. The a u x i l i a r y  h y d r a u l i c  pump was 

I t u r n e d  o f f  a f t e r  t h e  gimbal ing program f o r  approximately  47 s e c  d u r i n g  

t h e  f i r i n g  t o  v e r i f y  s a t i s f a c t o r y  eng ine-dr iven  pump o p e r a t i o n .  

S i g n i f i c a n t  e v e n t  t i m e s  are p r e s e n t e d  i n  t h e  f o l l o w i n g  t a b l e :  

Event Approximate Time ( s e c )  

A u x i l i a r y  pump ON To -693.5 

Simulated L i f t o f f  To +O 

Engine-driven Pump S t a r t  To +153.2 

Suppor t  Links  Dropped To +187.2 

Gimbal Program S t a r t  To +221.0 

Gimbal Program Stop  To +277.7 

A u x i l i a r y  Pump OFF To t337 .0  

A u x i l i a r y  Pump ON To i-384.0 

Engine-driven Pump S top  To i-610.7 

A u x i l i a r y  pump OFF To +623.0 

13.2  System P r e s s u r e  a t  S a l i e n t  Times -- 
The GH2 accumulator  ~ r e c h a r g e  p r e s s u r e  was 2,309 p s i a  a t  5 3  deg F d u r i n g  

p r e f i r e  checkout  and approximately  2,210 p s i a  a t  35 deg F a f t e r  t h e  

I accep tance  f i r i n g .  The p r e s s u r e  observed a f t e r  t h e  f i r i n g  i s  e q u i v a l e n t  

1 t o  t h e  a c c e p t a b l e  p recharge  p r e s s u r e  l L m i t s  of 2,300 t o  2,400 p s i a  a t  

1 68 deg F. T e s t  d a t a  i n d i c a t e d  t h a t  t h e  a u x i l i a r y  pump d i s c h a r g e  p r e s -  

1 s u r e  i n c r e a s e d  t o  3,600 p s i a  i n  14.3  s e c  a f t e r  e n e r g i z i n g  the  pump 

i motor. Acceptable  pump p r e s s u r e  was main ta ined  from To -679.2 s e c  

through To -0. The s i m u l a t e d  launch zequiremznts  were n e t .  



During t h e  b r i e f  p e r i o d  t h a t  t h e  a u x i l i a r y  pump was o f f ,  t h e  engine-  F-3 t2 
d r i v e n  pump p r e s s u r e  was observed t o  be 3,650 p s i a .  The engine- 

driven.pump s u p p l i e d  t h e  sys tem leakage  f low th roughout  t h e  f i r i n g  s i n c e  

i t s  p r e s s u r e  compensator s e t t i n g  was s u f f i c i e n t l y  h i g h e r  (3,650 v e r s u s  

3,600 p s i a )  t h a n  t h a t  o f  t h e  a u x i l i a r y  pump. The a u x i l i a r y  pump 

however, s h a r e d  some o f ' t h e  gimbal f low requ i rements  as s e e n  from 

f l u c t u a t i o n  of t h e  motor c u r r e n t  demand. 

GN2 p r e s s u r e  w a s  s imilar t o  h y d r a u l i c  sys tem p r e s s u r e  w i t h  t h e  pump(s) 

o p e r a t i n g .  The s i g n i f i c a n t  sys tem p r e s s u r e s  a r e  shown i n  t h e  f o l l o w i n g  

t a b l e :  

TIME SYSTEM PRESSUm RESERVOIR PRESSURE 

T  +O ( s i m u l a t e d  s t a r t )  
0 

3,600 180 

T  +203 ( a f t e r  e n g i n e  
0 

3,650 178 
start t r a n s i e n t )  

To f 2 2 1  t o  (gimbal)  
To +277 

T +623 ( p r i o r  t o  a u x i l i a r y  
0 

3,630 180 
pump OFF) 

13.3  R e s e r v o i r  Leve l  a t  S a l i e n t  T-: i mes 

The r e s e r v o i r  l e v e l  p r i o r  t o  sys tem o p e r a t i o n  was 90 p e r c e n t  a t  an 

approximate  average  sys tem o i l  t empera tu re  of 6 1  deg F ( e q u i v a l e n t  t o  

. 91.2 p e r c e n t  a t  '70 deg F ) .  Minimum l e v e l  d u r i n g  o p e r a t i o n  <gas 33 p e r c e n t .  . 

13.4 Temperature H i s t o r y  

Hydrau l ic  f l u i d  and accumulator  gas  t empera tu res  exper ienced  d u r i n g  

t h e  h y d r a u l i c  sys tem t e s t  program were a s  fo l lows :  



To -693.5 
( a u x i l i a r y  pump ON) 

To +153.2 ( i g n i t i o n )  

To +221 ( s t a r t  gimbal)  

RESERVOIR ACCUMULATOR GN2 FUMP INLET 
(deg F) (deg F) (deg F) - 0 

To +227.7 ( s t o p  9 7 6 7 
gimbal)  

To +610.7 ( c u t o f f )  136 75 

To +623 137 84 6 1 
- ( a u x i l i a r y  pump OFF 

13.5 Engine S i d e  Loads 

Peak l o a d s  i n  t h e  s u p p o r t  l i n k s  d u r i n g  eng ine  s t a r t  t r a n s i e n t s  were a s  

f o l l o w s  : 

ITEM - PEAK LOAD ( l b f )  -- 
P i t c h  Link +12,000, - -20,000 

Yaw L ink  

13.6 H y d r a u l i c  F l u i d  F lowra tes  

Approximations from t h e  r e s e r v o i r  f i l l  and emptying r a t e s  a r e  p r e s e n t e d  

i n  t h e  f o l l o i ~ i n g  t a b l e  : 

ITEM FLOW (gpm) ALLOWABLE (gpm) 

System I n t e r n a l  Leakage 0 .51 0.4 t o  0 .8  

A u x i l i a r y  Pump Maximum Flowra te  1.77 1.5 min 

13.7 A u x i l i a r y  Pump Motor Vol tage and Cur ren t  

A u x i l i a r y  pump motor e l e c t r i c a l  d a t a  were moni tored on ly  a f t e r  t h e  s t a g e  

power s o u r c e  had swi tched  t o  i n t e r n a l  power ( b a t t e r i e s )  and a f t e r  t h e  
. . 

ch i l ldown pumps had s h u t  down. The d e s i g n  requirements  a r e  a s  fo l lows :  

Vol tage  . 51 t o  61  vac 

"".s Maximum S t a r t i n g  C u r r e n t  ' 30b amp c 3 Maximum Opera t ing  Curren t 85 amp 



TIME (sec)  

T  +153 ( p r i o r  t o  i g n i t i o n )  
0 

T  $160 ( a f t e r  i g n i t i o n )  
0 

To +221 t o  (gimbal) 
To +277.2 

T +384 ( t u r n  a u x i l i a r y  pump 0  
ON a f t e r  b r i e f  
shutdown) 

. T  +610 ( p r i o r  t o  c u t o f f )  
0 

T +623 ( p r i o r  t o  a u x i l i a r y  
0 

pump OFF) 

13.8 Thrust  O f f s e t  

VOLTAGE SUFPLY (V) CURRENT DEMAND (amp) 
P 

57.5 32.2 
/ 

59 z i  
59 maximum 3  7.5 maximum 
57.5 minimum 21  minimum 

(52 maximum dur ing  
7 deg ramp) 

52 min 155 peak 

59 2 1  

56.3 39 

Approximate t h r u s t  o f f s e t  was ca l cu l a t ed  from a c t u a t o r  d i f f e r e n t i a l  

p r e s su re s  ob ta ined  p r i o r  to  and fo l lowing  engine c u t o f f ,  u s ing  

164,000 l b f  n e t  t h r u s t .  The t h r u s t  o f f s e t  was 0.273 i n .  from t h e  s t a g e  

l o n g i t u d i n a l  a x i s  and 38.7 deg from f i n  p lane  2  toward f i n  p lane  1. 





8 14. FLIGHT CONTROL SYSTE'f 

- 

The dynamic response  ~f  t h e  h y d r a u l i c  s e r v o  t h r u s t  v e c t o r  c o n t r o l  sys tem 

was measured w h i l e  t h e  5-2 e n g i n e  was gimbal ing d u r i n g  t h e  accep tance  

f i r i n g  o f  t h e  S-IVB-209 s t a g e .  The performance o f  t h e  p i t c h  and yaw 

h y d r a u l i c  s e r v o  c o n t r o l  sys tem w a s  found t o  b e  a c c e p t a b l e .  

1 4 . 1  A c t u a t o r  Dynamics - 
The f requency  r e s p o n s e  test  of t h e  p i t c h  and yaw h y d r a u l i c  s e r v o  c o n t r o l  

sys tem f o r  a 5 1/2-deg s i n u s o i d a l  s i g n a l  between 0 .6  and 9 c p s ,  and f o r  

a 1/4-deg s i n u s o i d a l  s i g n a l  between 0.6 and 2  cps  v e r i f i e d  t h e  

a c c e p t a b i l i t y  o f  t h e  a c t u a t o r  r e s p o n s e s .  The a c c e p t a b l e  l i m i t s  and t h e  

g a i n  and phase  p l o t s  w i t h i n  t h e s e  l i m i t s  a r e  p r e s e n t e d  i n  f i g u r e s  14-1  

and 14-2. 

14 .2  Engine Slew Rates  

A nominal two-deg s t e p  command was a p p l i e d  t o  t h e  p i t c h  and yaw a c t u a t o r s  

f rom which t h e  e n g i n e  s lew r a t e s  were determined.  I h e  minimum a c c e p t a b l e  

e n g i n e  s lew r a t e  i s  8 d e g l s e c ,  which corresponds t o  an a c t u a t o r  p i s t o n  

t r a v e l  r a t e  of 1.66 i p s .  A nominal. s l ew r a t e  f o r  a  2-deg s t e p  w i t h o u t  t h e  

e f f e c t s  of gimbal f r i c t i o n  i s  13.6  deg/sec .  The measured v a l u e s  were -. 

found t o  b e  a c c e p t a b l e  and a r e  p r e s e n t e d  i n  the .  f o l l o w i n g  t a b l e :  

Engine T r a v e l  Engine Slew Rate  
A c t u a t o r  Condi t ion  

(deg)  d e g / s e c  
7 - -- 

P i t c h  R e t r a c t  0.0 t o  4-2.0 

a Extend +2.0 t o  0.0 

Extend 0 .0  t o  -2.0 10.9 

R e  t r a c t  -2.0 t o  0 .0  10.7 

Yaw Extend 

R e t r a c t  

R e t r a c t  
- 

Extend -2.0 t o  0.0 11 .8  



1 
i 

i 
! 

The minimum e ~ g i n e  s lew r a t e  o b t a i n e d  i s  10.7  d e g / s e ~ .  Th is  cor responds  f-"? 
c 3  

t o  an  a c t u a t o r  p i s t o n  t r a v e l  of 2 . 2 2  i p s  when u s i n g  A convers ion  of 

4.83 deg of eng ine  movement p e r  i n .  of a c t u a t o r  t r a v e l .  Thus, i n  a l l  

c a s e s ,  each a c t u a t o r  exceeded t h e  minimum a c c e p t a b l e  p i s t o n  t r a v e l  r a t e  

of 1.66 i p s ,  o r  cor responding  eng ine  t r a v e l  r a t e  of 8 deg/sec .  

14.3 D i f f e r e n t i a l  P r e s s u r e  Feedback Network 

The d i f f e r e n t i a l  p r e s s u r e  feedback network i n  t h e  p i t c h  and yaw h y d r a u l i c  

se rvo-va lves  was o p e r a t i n g  p r o p e r l y  s i n c e  adequa te  system damping was 

demons t ra ted  by o b s e r v i n g  t h e  a c t u a t o r  d i f f e r e n t i a l  p r e s s u r e  measurements 

d u r i n g  t h e  2-deg s t e p  response  tests. The d i f f e r e n t i a l  p r e s s u r e s  

d e c r e a s e d  i n  ampl i tude  a s  a  f u n c t i o n  of t ime w i t h o u t  s u s t a i n e d  r i n g i n g .  

The recorded  d a t a  are p r e s e n t e d  i n  f i g u r e  14-3. 

14.4 Cross  Axis Coupling 

A minimum amount of c r o s s  a x i s  coup l ing  occur red  a s  no ted  by t h e  g e n e r a t e d  

a c t u a t o r  d i f f e r e n t i a l  p r e s s u r e  i n  t h e  non-ginbaled p lane .  



Figure 14-1. Actuator  Response (Ga in )  



A 1/4O PITCH ACT 
FREQUENCY (CPS) 

0 2 1/2' PITCH ACT 
x 1/4O YAW ACT 
g 5 l / a o  YAW ACT 

F i g u r e  14-2. A c t u a t o r  Response (Phase Lag) 







STRUCTU& SYSTEMS 

S t r u c t u r a l  i n t e g r i t y  o f  t h e  S-IVB-209 s t a g e  was m a i ~ i t a i n e d .  f o r  t h e  v i b r e -  

t i o n ,  t empera tu re ,  and t h r u s t  l o a d  c o n d i t i o n s  of t h e  accep tance  f i r i n g .  

No s t r u c t u r a l  i r r e g u l a r i t i e s  were d e t e c t e d  d u r i n g  t h e  p o s t f i r i n g  inspec-  

t i o n ,  s t a t i c  f i r i n g ,  and c ryogen ic  l o a d i n g ,  

15.1 Common Bulkhead 

The r e s u l t s  of t h e  gas  sample s u r v e y s ,  combined w i t h  s a t i s f a c t o r y  common 

bulkhead p r e s s u r e  decay checks ,  i n d i c a t e  t h e  bulkhead i s  sound and l e a k  

t i g h t .  An a d d i t i o n a l  vacuum p o r t  locat ' ion f o r  common bulkhead i n t e r n a l  

p r e s s u r e  measurements was used f o r  t h e  second t ime ,  having been p r e v i o u s l y  

used w i t h  t h e  S-IVB-503N s t a g e .  Th is  p o r t ,  l o c a t e d  approximately  18C deg 

f rom t h e  vacuum pump p o r t ,  was l o c a t e d  s o  t h e  r e a d i n g s  would be  morz 

i n d i c a t i v e  of g e n e r a l  p r e s s u r e  c o n d i t i o n s  w i t h i n  t h e  honeycomb f i l l e d  

bulkhead.  I t  was found t h a t  d u r i n g  pumpdown of t h e  common bulkhead,  t h e  

p r e s s u r e  r e a d i n g s  from t h e  vacuum pump p o r t  dropped immediately t o  l e s s  

t h a n  1 p s i a ;  however, a t  t h e  p r e s s u r e  p o r t  l o c a t e d  180 deg from t h e  

vacuum pump p o r t  t h e  p r e s s u r e  g r a d u a l l y  dropped t o  10.5 p s i a  i n  6 h r s  

and t o  l e s s  t h a n  1 p s i a  i n  9 days of pumpdown. Thus,  i t  i s  e v i d e n t  t h a t  

t h e  newly added p r e s s u r e  measurement (D0237) i s  more a c c u r a t e  than t h e  

o r i g i n a l  vacuum pump p o r t  measurement (D0545) i n  i n d i c a t i n g  g e n e r a l  p res -  

s u r e  c o n d i t i o n s  w i t h i n  t h e  bulkhead.  During t h e  a c t u a l  accep tance  f i r i n g ,  

t h e  bulkhead i n t e r n a l  p r e s s u r e  r e a d i n g s  from b o t h  t r a n s d u c e r s  was l e s s  

t h a n  1 p s i a .  Gas sample a n a l y s e s  c o n s i s t e n t l y  i n d i c a t e d  n e g l i g i b l e  

q u a n t i t i e s  o f  hydrogen and he l ium g a s e s . w i t h i n  t h e  common bulkhead.  The 

r e s u l t s  of t h e  p r e s s u r e  checks and gas  su rveys  a r e  p r e s e n t e d  i n  Douglas 

Report  No. SM-37550, 5'-IV3-209 Stage Acceptance Firing ( 15  Day) Report, 

d a t e d  J u l y  1967 .  

15.2  LH2 Tank I n t e r i o r  

LH2 t a n k  i n t e r n a l  i n s p e c t i o n s  d u r i n g  buyoff have been d i s c o n t i n u e d  i n  

view of a  s e r i e s  o f  r e c e n t  S- IVB s t a g e s  having v i r t u a l l y  no t ank  non- 

c o n f o r m i t i e s  r e q u i r i n g  r e p a i r ;  however,  as a  m a t t e r  of r o u t i n e  v e r i f  i c a -  

t i o n ,  t h e  t a n k  i n t e r i o r  w i l l  be v i s u a l l y  i n s p e c t e d  from t h e  manhold when 

t h e  S-IVB-209 s t a g e  i s  e r e c t e d  i n  t h e  VCL a f t e r  s t o r a g e .  



1 5 . 3  ~ x t e r i o r  S t r u c t u r e  

A v i s u a l  i n s p e c t i o n  of t h e  s t a g e  t h r u s t  s t r u c t u r e ,  L.OX t a n k  a f t  dome, 

a f t  s k i r t ,  LH2 tank  c y l i n d r i c a l  s e c t i o n ,  I,H2 tank  fo rward  dome, and 

forward s k i r t  r e v e a l e d  no s t r u c t u r a l  damage a f t e r  t h e  f u l l  d u r a t i o n  

a c c e p t a n c e  f i r i n g .  The i n s p e c t i o n  r e v e a l e d  no debonding of s t a n d -  

o f f s ,  t u n n e l  c l i p s ,  o r  t h e  a f t  s k i r t  purge membrane. . 

15.4 Mal func t ion  of LOX Tank P r e s s u r e  Regula to r  

As a r e s u l t  o f  a  m a l f u n c t i o n  o f  t h e  LOX t a n k  p r e s s u r e  r e g u l a t o r ,  t h e  LOX 

t a n k  u l l a g e  p r e s s u r e  was abnormal ly  low f o r  a d u r a t i o n  o f  60 s e c  

immediate ly  f o l l o w i n g  5-2 e n g i n e  s t a r t .  During t h i s  t ime  a  minimum LOX 

t a n k  u l l a g e  p r e s s u r e  o f  29.1  p s i a  w a s  o b t a i n e d  ( r e f e r  t o  pa ragraph  7 .1 ) .  

S imul taneous ly ,  t h e  LH2 t a n k  u l l a g e  p r e s s u r e  was 33.7 p s i a .  The 

cor responding  LH2 and LOX p r e s s u r e  heads a t  t h e  c r i t i c a l  common bulkhead 

t o  a f t  dome j o i n t  were  0.8 and 2.7 p s i a  r e s p e c t i v e l y .  The r,et d i f f e r e n -  

t i a l  p r e s s u r e  a t  t h e  j o i n t  was -2.7 p s i d  ( n e g a t i v e  p r e s s u r e s  occur  

when LH2 t a n k  p r e s s u r e  exceeds  LOX t ank  p r e s s u r e ) .  The d e s i g n  p r e s s u r e  

a t  t h e  c r i t i c a l  j o i n t  i s  -21.9 p s i d  l i m i t  o r  -30.7 p s i d  u l t i m a t e  

( r e f e r e n c e  page 386 of Douglas Repozt No. SM-46987, Saturn S-IVB-202 
0 

Stage F l i g h t  Evaluation Report) ;  t h e r e f o r e ,  t h e  c r i t i c a l  common bulkhead 

t o  a f t  dome j o i n t  h a s  a d e q u a t e  s t r e n g t h  t o  resist t h e  imposed n e g a t i v e  

p r e s s u r e  d i f f e r e n t i a l  w i t h o u t  d e t r i m e n t a l  e f f e c t s .  





16. THERMOCONDITIONING AND PURGE SYSTEMS 

1 6 . 1  Af t  S k i r t  Thermocondi t ioning and Purge System 
I 

- 
The a f t  s k i r t  GN2 purge was i n i t i a t e d  p r i o r  t o  LOX l o a d i n g  and con t inued  

th roughout  t h e  accep tance  f i r i n g  u n t i l  t h e  complet ion of t a n k  purge .  The 

I purge  sys tem o p e r a t e d  s a t i s f a c t o r i l y  and was w i t h i n  t h e  d e s i g n  l i m i t s .  

h 
16 .1 .1  A f t  S k i r t  GN2 F lowra te  

The GN2 purge f l o w r a t e  of 3,400 scfm was main ta ined  th roughout  t h e  

accep tance  f i r i n g .  

16.1.2 A f t  S k i r t  GN2 Temperature  

I The GN2 tempera tu re  a t  t h e  APS module the rmocondi t ion ing  sys tem o u t l e t  

s e n s o r  (C0663) h e l d  c o n s t a n t  a t  90 deg F. The a f t  s k i r t  u m b i l i c a l  i n l e c  

I t empera tu re  (C0715) v a r i e d  between 105 and 110 deg F throughout  t h e  

I accep tance  f i r i n g .  

16.1 .3  A f t  S k i r t  Umbi l i ca l  I n l e t  P r e s s u r e  

The u m b i l i c a l  i n l e t  p r e s s u r e  (D0767) was approx imate ly  1 /2  p s i  

(13.8 i n .  H20) th roughout  t h e  f i r i n g .  

16.1.4 Nonf l i g h t  Hardware 

1 a. APS Module 

I Model DSV-4B-188B APS s i m u l a t o r s  were used i n  p l a c e  o f  t h e  f l i g h t  

1 .  modules a t  APS p o s i t i o n s  1 and 2 .  T h e s e . s u b s t i t u t e s  f u n c t i o n a l l y  

I r e p r e s e n t  t h e  f l i g h t  module the rmocondi t ion ing  s y s  tem. 

b. A f t  I n t e r s t a g e  - 
The model DSV-4B-540 dummy i n t e r s t a g e  was used t o  s u p p o r t  t h e  

i s t a g e  on t h e  t e s t  s t a n d .  

16.2 Forward S k i r t  Environmental  Cont ro l  and Thermocondi t ioning System 

I The forward s k i r t  GN2 purge was i n i t i a t e d  p r i o r  t o  LOX l o a d i n g  and 

con t inuzd  th roughout  t h e  f i r i n g  u n t i l  t h e  complet ion of t h e  t ank  p u r g e s .  



The model DSV-4B-359, the rmocondi t ion ing  sys tem s e r v i c e r ,  s u p p l i e d  t h e  t > 
C - 

methanol /wa te r  c o o l a n t  f l u i d  t o  t h e  the rmocondi t ion ing  sys tem th roughout  

t h e  f i r i n g .  

16.2 .1  Forward S k i r t  GN2 Purge F lowra te  

t 
A f l o w r a t e  of 500 scfm was main ta ined  d u r i n g  t h e  accep tance  f i r i n g  which 

was w i t h i n  t h e  d e s i g n  requirement  of 500-600 scfm. 

16.2.2 F o n ~ a r d  S k i r t  GN2 Temperature 

i The forward s k i r t  GN2 i n t e r n a l  t empera tu re  (C0768) was w i t h i n  43  t o  

I 58 deg F which was above t h e  minimum d e s i g n  requirement  of 40 deg F. 

16 .2 .3  Forward S k i r t  I n t e r n a l  P r e s s u r e  

The fo rward  s k i r t  i n t e r n a l  p r e s s u r e  was approximately  0.69 i n .  H 2 0  which 

i s  w e l l  below t h e  r e l i e f  v a l v e  s e t t i n g  of 2 i n .  of H 2 0 .  

16.2.4 Forward S k i r t  Thermocondi t ioning System Temperature 

The the rmocondi t ion ing  sys tem f l u i d  i n l e t  t empera tu re  (C0753) was 

m a i n t a i n e d  between 56 t o  61  deg F which i s  w i t h i n  t h e  des ign  t e m p e r a t u r e  

range  of 57 27 deg F. 

16.2.5 Nonf l i g h t  Hardware 

Model DSV-4B-359, Thermocondi t ioning System S e r v i c e r  
3 

I The s e r v i c e r  s u p p l i e s  t h e r m a l l y  c o n d i t i o n e d  f l u i d  t o  t h e  forward s k i r t  

I . c o l d  p l a t e s  d u r i n g  a l l  f i e l d  s t a t i o n  o p e r a t i o n s  r e q u i r i n g  power t o  t h e  . 

fo rward  s k i r t  e l e c t r o n i c  equipment.  When t h e  S- IVB i s  s t a g e d ,  t h e  c o l d  

I p l a t e s  w i l l  r e c e i v e  f l u i d  from t h e  NASA i n s t r u m e n t  u n i t  the rmocondi t ion ing  





17. RELIfBILITY AND HUMAN ENGINEERING - 

17.1  R e l i a b i l i t y  Engineer ing  

A l l  f u n c t i o n a l  f a i l u r e s  o f  F l i g h t  C r i t i c a l  I t ems  (FCI) and Ground Suppor t  

Equipment /Specia l  A t t e n t i o n  I tems were i n v e s t i g a t e d  by R e l i a b i l i t y  

Engineer ing .  S i g n i f i c a n t  mal func t ions  of FCI 's  documented a r e  n o t e d  i n  

t a b l e  17-1. 

17 .2  Human Engineer ing  

A Human E n g i n e e r i n g  e v a l u a t i o n  was conducted i n  s u p p o r t  of t h e  S-IVB-209 

s t a g e  a c c e p t a n c e  f i r i n g .  No s i g n i f i c a n t  man-machine problems were 

i d e n t i f i e d .  
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e v a l u a t i o n  and dispo-  
s i t i o n .  The d i s -  
c r e p a n t  p robe  was 

1. R e t a i n i n g  p l u g  was 
i n s t a l l e d  i n  such  a  manner 
a s  t o  p r e c l u d e  removal 
w i t h o u t  damage t o  p l u g .  
P e e l i n g s  of p l u g  around 
p l u g  p o r t  i n d i c a t e d  maxi- 
mum f o r c e  had been e x e r t e d  
t o  i n s t a l l  t h e  p l u g .  

2.  Kel-F p l u g  was f o r c e d  i n t o  
s p l i t - s l e e v e .  Should be  
l o o s e  f i t .  

3. Lock p i n  P/N 973491-1 
appeared t o  be  sawed o f f  
and rough f i l e d  oh end. 

4. Fore ign  m a t e r i a l ,  r u b b e r  

l a n t  Tank 
S h u t o f f  A-MRCC f o r  a d d i t i o n a l  

was r e c e i v e d  from t h e  v a l v e  t e s t  an3  e v a l u a t i o n .  
when p  r e v a l v e s  were commanded The d i s c r e p a n t  v a l v e  
c l o s e d .  The v a l v e  a l s o  was r e p l a c e d  w i t h  a  
e x h i b i t e d  a  slow opening l i k e  c o n f i g u r a t i o n  
t ime  (3.010 s e c ) .  v a l v e ,  SIN 109. 
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1 S t a t i c  

I 

P/N AND S I N  

1866212-505 
S/N 015 

l~ ib6246 -507  A c t u a t o r  
S / S  68 Assembly, 

l1ydraul ic  

NAME 

E l e c t r o n i c s  
Assembly, 
I n v e r t e r -  
C o n v e r t e r ,  

TROUBLE CAUSE ACTION TAKEN 
- - 
During p r e f i r i n g  sys tem To be  d e t e m i n e d .  The u n i t  cover  was 
checkout ,  u n i t  was found t o  removed a t  l o c a t i o n  
be  i n o p e r a t i v e .  No o u t p u t  A45 and t h e  i n t e r n a l  . 
was o b t a i n e d  w i t h  an  i n p u t  components i n s p e c t e d  
o f  2 8  vdc. I f o r  s i g n s  of w i r e  and 

module damage from 
h e a t  o r  e l e c t r i c a l .  
s h o r t i n g .  No v i s i b l e  
damage was n o t e d .  The 
u n i t  was removed and 
r o u t e d  t o  l o c a t i o n  
A-MRCC f o r  a d d i t i o n a l  
d i s p o s i t i o n ,  t e s t ,  
and p o s s i b l e  SFA. 
The d i s c r e p a n t  u n i t  
was r e p l a c e d  w i t h  a  
l i k e  c o n f i g u r a t i o n  

h y d r a u l i c  a c t u a t o r .  
t h e  c l o s e  t o l e r a n c e  

e n g i n e  i n  o r d e r  t o  
i n s  t a l l  o r  remove e n g i n e e r i n g  f o r  use .  
i o c k s .  Using t h i s  

t r a t e  t h e  s o f t e r  m e t a l  
a t  t h e  r o d  ends .  
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-503 e x c e p t  f o r  t h e  
s h u t o f f  v a l v e  main 

module. Maximum a 1  lowab l e  poppe t  s e a t s  (Vespe l ,  
l eakage  i s  375 scim. SP-1) and t h e  a d d i t i o n  

of a  c i r c l e - s e a l  check 
v a l v e  i n  t h e  top  v e n t  
o f  t h e  r e g u l a t o r .  The 

l o c a t i o n  A3-MRCC f o r  
f u r t h e r  d i s p o s i t i o n .  

The module was s e n t  
Run 2A) t h e  o u t p u t  o f  t h e  t o  l o c a t i o n  A-MRCG 

f o r  f u r t h e r  i n v e s t i -  
g a t i o n  and t e s t .  
The d i s c r e p a n t  module 
was r e p l a c e d  w i t h  a  
l i k e  c o n f i g u r a t i o n  
module, SIN 0028. 
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removed and sh ipped  . 
p r e s s u r e  was found t o  be t o  t h e  vendor  f o r  
3,195 p s i g .  The p rocedure  rework t o  -503 con- 
c a l l s  f o r  a  r e s e a t  p r e s s u r e  f i g u r a t i o n .  The d i s -  
between 3,200 and 3,500 p s i g .  c r e p a n t  module wss 

r e p l a c e d  w i t h  a  -503 
c o n f i g u r a t i o n  module, 
S/N 31. WRO S-IVB- 
3171 R2 1B58006 c a l l s  
f o r  r e p l a c i n g  t h e  
1B57781-501 module 
w i t h  a  -503 c o n f i g u r a -  

and s e n t  t o  A45 LOX Lab f o r  The f a i l u r e  mode could  
t e s t  i n  compliance w i t h  n o t  be  d u p l i c a t e d  
lB70773. The recorded  ( c r a c k i n g  p r e s s u r e  was 
c r a c k i n g  p r e s s u r e  was found 3,280 p s i g )  and t h e  
t o  be 3,180 p s i g .  The proce-  module was found t o  be 
dure  c a l l s  f o r  a  c r a c k i n g  a c c e p t a b l e  t o  

e n g i n e e r i n g  f o r  use .  
The module was 
r e t u r n e d  t o  l o c a t i o n  
A45 f o r  i n s t a l l a t i o n  
on t h e  s t a g e  . 
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NAME 1 TROUBLE CAUSE / ACTION TAKEN 

Module, Cold 
Helium F i l l  

5-2 Engine 

During C / D  614085 (Task 51) 
p o s t - t e s t  s e c u r i n g ,  t h e  c o l d  
he l ium f i l l  v a l v e  was f r o z e n  
i n  t h e  "open" p o s i t i o n .  The 
v a l v e  cou ld  n o t  be c.ycled a t  1 ambient  t empera tu re .  

During eng ine  f i e l d  inspec-  
t i o n  p r i o r  t o  accep tance  
f i r i n g ,  t h e  a c t u a t i o n  t ime of 
t h e  gas  g e n e r a t o r  c o n t r o l  
v a l v e  was 128 ms i n s  r e a d  of 
140 ms. 

To be  determined.  The module was 
removed and s e n t  t o  
t h e  vendor  f o r  
i n v e s t i g a t i o n  and 
rework. The d i s -  
c r e p a n t  module was 
r e p l a c e d  w i t h  a l i k e  
conf i g u r a t i o n  
module, S/N 0034. 

Uni t  c o n t r o l  pneu- 
m a t i c s  l i n e  was re -  
o r i f i c e d  t o  c o r r e c t  
v a l v e  t iming.  The 
.047 d i a  o r i f i c e  was 
rep  l a c e d  by Rocketdy 
w i t h  a ,043  d i a  

I 

I 
o r i f i c e .  T h i s  i s  a I 
GFE i t em.  





ENGINE PERFORMANCE PROSRAM (PA49) 

T h i s  appendix  c o n t a i n s  che d i g i t a l  p r i n t o u t  of  co:nputer program PA49 

which i s  a c o m p i l a t i o n  of computer programs AA89, Gl05,  and F823. These 

computer programs a r e  t h e  methods employed i n  t h e  p r o p u l s i o n  sys tem 

performance r e c o n s t r u c t i o n  of  t h e  S-IVB-209 s t a g e  acceptance  f i r i n g .  

The performance a n a l y s i s  and a s s o c i a t e d  p l o t s  a r e  p r e s e n t e d  i n  s e c t i o n  6. 

P r i n t o u t  symbols a r e  p r e s e n t e d  i n  t a b l e  AP 1-1 and t h e  d i g i t a l  p r i n t o u t  

i s  c o n t a i n e d  i n  t a b l e  AP 1-2. 
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FS UR 1 

WDOTT 1 

WDOTOl 

WDOTFl 

EMR 1 

ISP 1 

MSUBOl 

MSUBFl 

S t a g e  t h r u s t  from 
AA89 ( l b f )  

EMR 3 Engine ~ i s t u r e  from F823 

ISP 3 S p e c i f i c  impulse  from 
F823 ( s e c )  T o t a l  f l o w r a t e  from 

AA89 ( lbm/sec  
MSUB03 LOX mass onboard from 

F823 (lbrn) LOX f l o w r a t e  from 
AA89 ( lbm/ssc )  

MSUBF3 LH2 mass onboard from 
F823 (lbm) LH2 f l o w r a t e  from 

AA89 (Ibmlsec)  
FSUB4 P r e d i c t e d  s t a g e  t h r u s t  

( l b f )  Engine m i x t u r e  r a t i o  
from AA89 

FJDOTT 4 P r e d i c t e d  t o t a l  f l o w r a t e  
S p e c i f i c  Impulse from ( lbmlsec)  
AA89 ( s e c )  

WDOTOCI P r e d i c t e d  LOX f  l o w r a t e  
LOX mass onboard from ( lbm/sec)  
AA89 (lbrn) 

WDOTF4 P r e d i c t e d  LH2 f l o w r a t e  
LH2 mass onboard from ( lbmlsec)  

P r e d i c t e d  eng ine  m i x t u r e  
r a t i o  

P r e d i c t e d  s p e c i f  i c  impulse  
(set> 

P r e d i c t e d  LOX mass onboard 
- (lbm) 

P r e d i c t e d  LH2 mass onboard 
( lbm) 

Composite s t a g e  t h r u s t  
( l b f )  

Composite t o t a l  f l o w r a t e  
( lbmlsec)  

Composite LOX f l o w r a t e  
( lbmlsec)  

Composite LII2 f l o w r a t e  
( lbm/sec)  

Composite eng ine  m i x t u r e  
r a t i o  

Composite s p e c i f i c  
impulse  ( s e c )  

Composite LgX mass onboard 
(lbin) 

Composite LH2 mass 
onboard ( l b z )  

AA89 (lbm) 
EMR 4 

S t a g e  t h r u s  t from GI05 
( l b f )  

ISP 4 
T o t a l  f l o w r a t e  from 

LOX f l o w r a t ?  from 

WDOTF2 

EMR 2 

ISP 2  

MSUB02 

MSUBF2 

FSUB 3 

WDOTT3 

WDOT03 

LH2 f l o w r a t e  from G105 

THRUST 
Engine m i x t u r e  r a t i o  
from GI05 

T FLOW 
S p e c i f i c  impulse from 

LOX mass onboard from 
GI05 

LH2 mass onboard from 
GI05 (lbrn) 

S t a g e  t h r u s t  from 
~ 8 2 3  ( l b f )  

T o t a l  f l o w r a t e  from 
F823 ( lbmlsec)  

LOX f l o w r a t c  from 
0 MASS 

F823 ( lbm/sec)  

LH2 f l o w r a t e  from F823 
F MASS 
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F s l t e  2 FSUB 1 FSUB 4 T ~ P I I S  r 
ion 1 1 2  k L n 1 r J  U O ~ ~ I T U  T FLIIU 
n u - 1 0 2  + r o l t i ~  u n n r n ~  n F L  r ~ r  

EM9 2 C*Q 3 FHR 4 * t H R *  
ISP ? ISP  3 ~ S P  4 O I T O *  

IC5U8n2 YSURilf *ST1804 [I MASS 
HSUBF2 "SUBFI  MSU8F4 F MASS 
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TABLE AP 1 - 2  (Sheet  3 of 6) 
ENGINE PERFOPJIANCE PROGRAM (PA49) 



TABLE AP 1-2 (Sheet 4 of 6) 
ENGIXE PERFOBfAI?CE PR0GRAP.I (PA4 9) 



TABLE AP 1 - 2  ( S h e e t  5 of 6)  
ENGINE PERFORMANCE PROGRAM (PA4 9) 

- -. 
LI28.0'16 926. Ill 43L'.dbO 429.18 I 428.7'0 

2511&.363 25'357.89% 2714b.113 23d30.677 26170.7C9 
5?7L.bno h15Y.l-b5 624I.YbU 5996.198 6124,573 



4. Ind 
428.71 1 
2780.456 





TABLE AP 2-1 (Shee t  1 of 2) 
ABBREVIATIONS 

ITEM TEKX - IT ESI -- TERM - 
A1 t e r n a t i n g  c u r r e n t  F  F a h r e n h e i t ,  t h r u s t  

I Act A c t u a t o r  FCI F l i g h t  C r i t i c a l  I t e m s  

a t t c h  

Aux 

Btu 

Bgr 

Cfm 

Cont r  

A u x i l i a r y  P r o p u l s i o n  
Sys tem 

Augmented Spark  I g n i t e r  

A t t a c h  

Auxi 1 i a r y  

B r i t i s h  the rmal  u n i t  

Br idge  g a i n  r a t i o  

Cubic f e e t  p e r  minute  

C o n t r o l  

Cycles  p e r  second 

db D e c i b e l  

d c D i r e c t  c u r r e n t  

F l t  F l i g h t  

f t  F e e t  

E%I Frequency modulat ion 

FT C F l o r i d a  T e s t  C e n t e r  

Fwd Forward 

GG Gas g e n e r a t o r  

GH2 Gaseous hydrogen 

GIs Ground I n s  trument a t i o n  
Sys tem 

GN 2 Gaseous n i t r o g e n  

gPm Gal lons  p e r  minute  

GSE Ground s u p p o r t  equip-  
I ment 

DDAS D i g i t a l  Da ta  Acquis i -  
t i o n  System H e  He liuni Q deg Degree H g  Mercury 

DE R D i g i t a l  Even ts  k e c o r d e r  H2° Water 

I Disch Discharge  h r  Hour 

DNA Data  n o t  a v a i l a b l e  hI? Horsepower 

I D/O Dropout H Y ~  Hydrau l ic  

DPP D i f f e r e n t i a l  P r e s s u r e  Hz H e r t z  

. . Feedback 

EBW Explod ing  b r i d g e w i r e  
i n .  . I n c h .  

IP&CL I n s t r u m e n t a t i o n  Program 
ECC Engine Cutof f  Command and Component L i s  t 

ECO Engine Cutof f  I S p e c i f i c  Impulse 
SP 

EDS Emergency D e t e c t i o n  I U  I n s t r u m e n t  Uni t  
Sys tem 

K K i l o  = 1,000 o r  10 
3 

E / I  E x t e r n a l / I n t e r n a l  
Kc K i l o c y c l e  

EM1 E l e c t r o m a g n e t i c  
I n t e r f e r e n c e  KS C Kennedy Space C e n t e r  

EMR 

ESC 

Engine Mix ture  R a t i o  

Engine S t a r t  Command 

l b  f  

lbm 

Pounds f o r c e  

Pounds mass 
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ITEM - TERM ITEEl 
-- -- 

LH 2 L i q u i d  Hydrogen Ref1 

TERM 

R e f l e c t e d  

Regula to r  Lo c  Loca t ion  Reg 

LOX L i q u i d  oxygen RF Radio Frequency 

Reference Mixture  R a t i o  

Revolu t ions  p e r  minute 

M&A Manufactur ing and miR 
Ass emh l y  

R F M  
m s  M i l l i s e c o n d  

Root sum s q u a r e  

S p e c i a l  A t t e n t i o n  I tems 
MS FC Marsha l l  Space F l i g h t  

Cen te r  

NASA N a t i o n a l  Aeronau t ics  
and Space Adminis t r a -  
t i o n  

S  CC S t a n d a r d  c u b i c  
c e n t i m e t e r  

SCI S t a n d a r d  c u b i c  i n c h  

N/A 

NPSH 

Not a p p l i c a b l e  s cim S t a n d a r d  c u b i c  inch  p e r  
minute  Net  p o s i t i v e  s u c t i o n  

h e  ad s cfm S t a n d a r d  c u b i c  f o o t  p e r  
minute  

s e c  Second 
P u l s e  code modulat ion 

P a c i f i c  D a y l i g h t  Time PDT 

pf 

P o s i t  

s p s  Samples p e r  second 

STC Sacramento T e s t  Cen te r  0 P i c o f a r a d  

P o s i t i o n  

P u l s e s  p e r  second - 
P r e s s u r e  

sw Switch 

Sys t Sys tem 
PPS 

P r e s s  

p s i  

p s i a  

Pounds p e r  s q u a r e  i n c h  S imula ted  l i f t o f f  

Pounds p e r  s q u a r e  i n c h ,  
a b s o l u t e  

TAN T a n g e n t i a l  

Temp Temperature 

p s i d  Pounds p e r  s q u a r e  i n c h ,  
d i f f e r e n t i a l  

~ s i g  Pounds p e r  s q u a r e  i n c h ,  
gauge 

Telemetry  

T e s t  P lahn ing  and 
E v a l u a t i o n  

V o l t s  a l t e r n a t i n g  
c u r r e n t  ( 100 vac)  

Vac 
PST P a c i f i c  S t a n d a r d  Time 

P t  P o i n t  V o l t s  

V e r t i c a l  Checkout 
Labora to ry  

V o l t s  d i r e c t  c u r r e n t  

V i b r a t i o n  

v 
VCL P  /U Pickup 

PU P r o p e l l a n t  U t i l i z a t i o n  
vd c  

Vib 
Pwr P  o~%re r 

R Rankine 

RACS ~ e r n o t e  Analog Checkout 
Sys tem 

vswr Vol t  age s t  anding wave 
r a t i o  

RAD Radi a 1  Ed, r .  T o t a l  f lo ra ra te  
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BUNTINGTON REACH (83) 

KO10 
KWOO 
K l  00 
KYCO 
H A M  
KWAO 

KNOO 
KAOO 
KABO 
KACO 
KC00 
KCBO 
KCBC 
KCCO 
KCDO 
KCDE 
KDBA 
KD CA 
L1.10 
KECO 
IUD0 
KFOO 
KKBO 
KKBA 
KKBJ 
5284 
KEBG 

S e n i o r  D i r e c t o r  - Saturn /Apol lo  Programs 1 

D i r e c t o r  - S a t u r n  System Development 
D i r e c t o r  - S a t u r n  Developrnsnt Engineer ing  
Msnager - S a t u r n  Program P r o d u c t i o n  
Manager - Vehi-cle F l i g h ~  Readiness  
S u p e r v i s o r  - S a t u r n  System Development 
(Rocke~dyne)  v i a  J. Boyde (KCDE) 
Deputy Chief Design Engineer  - S a t u r n  Development 
Chief Engineer  - Mechanics & R e l i a b i l i t y  
Branch Chief - S t r u c t u r a l  Mechanics 
Branch Chief - F l i g h t  Mechanics 
Chief Engineer  - P r o p u l s i o n  
Branch Chief - P r o p u l s i o n  A n a l y s i s  
P r o p u l s i o n  Performance and TPhE - A n a l y s i s  
Deputy Branch Chief  - P r o p u l s i o n  Design 
Branch Chief - P r o p u l s i o n  T e s t  
Chief Engineer  - S a t u r n  E l e c t r o n i c s  
S e c t i o n  Chief - E l e c t r o n i c s  TF&E 
Branch Chief - E l e c t r o n i c - S t a g e  Design 
Chief - Engine Data  Reduct ion Engineer ing  
Branch Chief - Computing Engineer ing  
Branch Chief - R e l i a b i l i t y  Engineer ing  (2)  
Chief Engineer  - V e h i c l e  Checkout Labora to ry  
P r o j e c t  Engineer  - T e s t  
Assi . s fant  P r o j e c t  Engineer  - T e s t  S p e c i a l  P r o d u c t s  
A s s i s t a n t  P r o j e c t  Engineer  - T e s t  
L i b r a r y  
Records 

AFD3 M a t e r i a l s  Research /Produc t ion  H e t h o d s .  
KBDB S t r u c t u r a l  Mechanical  
KCBC P r o p u l s i o n  Performance and TP&E 
KDBA E l e c t r o n i c s  
KKBJ TP&E - S t a t i c  T e s t  

PROPELLANT UTILIZATION PANEL (A3) 

KKBEI PU P a n e l  Chairman - TP&E 

FLORIDA TEST CENTER (A41) 

M. F. Cooper 
H .  T. Gasdner 
R. S. S p a i n  
TI. Ei, N icho ls  
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